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Abstract 
Working memory is a construct that has received considerable attention and undergone 
significant theoretical evolution in the past 35 years. Nevertheless, agreement upon a definition 
of the concept has not occurred. Contributing to this disagreement are the many ways the 
concept is operational ized, as is evidenced across various standardized tests that purport to 
measure working memory. The present study examined this relationship among the working 
memory component of popular cognitive tests, including the Wechsler Adult Intell igence Scale­
Third Edition, Wechsler Memory Scale - Third Edition, Stanford-Binet Intell igence Scale - Fifth 
Edition, and the Wide Range Assessment ofMemory and Learning - Second Edition. To 
evaluate this, 66 normal participants were administered eight individual subtests from the four 
measures. Results indicated significant, yet moderate, correlations between all subtests and 
indexes, and repeated measures analysis of variance indicated significant differences between 
some subtests. Impl ications are discussed, including the relevance to the clinical assessment of 
working memory. 
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Chapter 1 
Introduction 
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Working memory is a construct that has been introduced and undergone significant 
theoretical evolution over the past 35 years. Nevertheless, today the definition and nature of 
working memory has not been agreed upon despite efforts by numerous researchers spanning 
multiple disciplines. Contributing to this disagreement are several competing cognitive theories 
as well as multiple ways the construct has been operationalized. Perhaps this disparity is because 
working memory is a relatively new construct and has not benefited from more extended 
theoretical and empirical scrutiny. 
Working Memory: Early Work 
The genesis of the construct that is known today as working memory is usually traced 
back to an in-depth consideration of human memory conducted by Atk inson and Shiffrin 
(Atkinson & Shiffrin, 1 968). This introduction of working memory was labeled the " short-term 
store" and focused primarily on the maintenance of information in order to transfer it into 
sturdier long-term storage. As Atkinson and Shiffrin refined their ideas, the maintenance of 
information, and later the manipulation of that information, became central to their construct of 
working memory. Because this construct evolved from a passive remembering system (as in 
short-term memory) into an active maintenance and manipulation system, Atkinson and Shiffrin 
began to call their short-term store a "working memory." It is this distinction between passive 
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active systems that began to differentiate short-term memory and working memory, 
. In their article published in 197 1 ,  Atkinson and Shiffrin state: 
Because consciousness is equated with the short-term store and because control processes 
are centered in and act through it, the short-term store is considered a working memory: a 
system in which decisions are made, problems are solved and information flow is 
directed. (p. 83) 
It is the active maintenance and manipulation components of working memory that seem 
have been retained. While there is not agreement on what working memory is (especially 
<hetwc�en disciplines such as behavioral neuroscience and cognitive psychology (for examples, 
Miyake & Shah, 1 999), there is consensus on the temporary maintenance and manipulation 
information while in short-term memory. 
Over time, an increasing number of researchers began examining questions addressing 
the nature, function, and development of working memory (e.g. ,  Baddeley & Hitch, 1976; Dobbs 
& Rule, 1989; Engle & Unsworth, 2005). Production-system models ofhuman cognition 
evolved to attempt to reconcile problems with Atkinson and Shif:fi·in's model. For example, it 
was claimed that Atkinson and Shif:fi·in's short-term store did not propose specific representation 
for the control process that allowed people to engage in activities such as using mnemonics, 
which inherently involved more than rote memorization (Richardson et al., 1 996). To account 
for this control process, subsequent models were proposed based on the work of Miller (1 956) 
(who first posited the principle that short-term memory is limited to 7 ± 2 units) . These 
production-system models depicted working memory as having a limited capacity (Richardson, 
et al., 1 996). However, this formulation did allow for a human "control process" to engage in 
Evaluating Relationships 3 
strategies that allowed memory to exceed the 7 ± 2 boundary by use of mnemonics, chunking, 
and other strategies. 
Baddeley and Hitch's Model of Working Memory 
As cognitive psychology began to take interest in the concept of working memory and 
different explanatory models began to be formulated, certain frameworks proliferated. The most 
prominent ofthese is a model of working memory proposed by Baddeley and Hitch in 1 974 
(Baddeley, 2002). In their model, working memory is not a passive remembering system that 
simply holds information; rather, it is directly connected to various other cognitive processes and 
holds information with the intent to actively work with it (Matlin, 2002) . In 1974, Baddeley and 
Hitch proposed that working memory is comprised of three distinct subsystems: an auditory 
system, a visual system, and a core system that organizes and relays the information between 
subsystems, long-term memory, and perception. They labeled the auditory subsystem, the 
"phono1ogical loop," the visual spatial system, the "visuo-spatial sketchpad," and the core 
system the "central executive" (Baddeley, 1999). 
According to Baddeley (2002), the phonological loop was proposed due to substantial 
research indicating the presence of a distinct verbally-based short-term memory, illustrated by a 
commonly used digit span procedure (e.g., a person is asked to remember an increasing span of 
digits). The same research also evidenced a distinct visually-based system as well. Therefore, as 
the phonological loop was proposed to help maintain auditory information, the visuo-spatial 
sketchpad was introduced to aid the maintenance of visual and spatial stimuli. While the 
phonological loop and the visuo-spatial sketchpad were responsible for maintaining auditory and 
visual information, the central executive was proposed to take input information from long-term 
memory and combine it with the short-term information (Perlow, Moore, Kyle, & Killen, 1 999). 
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However, the central executive "is now considered to be a purely attentional system whose role 
extends beyond memory function." (Baddeley, 2002, p. 92) The reason for this is that Baddeley 
(2002) has recently introduced a fourth concept, an episodic buffer, into his model in order to 
meet some weaknesses inherent to his prior tripartite system. Explaining the nature of this new 
addition to the original tripartite system, Baddeley states, 
The episodic buffer is assumed to represent a storage system using a multimodal code. It 
is assumed to be episodic in the sense that it holds integrated episodes or scenes and to be 
a buffer in providing a limited capacity interface between systems using different codes. 
(2002, p. 92) 
In other words, because the central executive is not proposed to have a storage capacity, the 
episodic buffer acts as a link between the subsystems (the phonological loop and visuo-spatial 
sketchpad), the central executive, and long-term memory (Baddeley, 2002). Further, this buffer 
is primarily mnemonic in nature, which allows simultaneous consideration of multiple inputs 
(Baddeley, 2002). For example, prose recall requires one to remember much more information 
than the working memory subsystems are proposed to hold (Baddeley, 2002). 
Considerable research has provided support for Baddeley and Hitch's multicomponent 
theory ofworking memory (e.g., Bruyer & Scailquin, 1998;  De Beni, Pazzaglia, Gyselinck, & 
Meneghetti, 2005; Mayer & Moreno, 1 998). However, contradictions have been discovered as 
well, illustrating that a single-component theory of working memory may be appropriate (e.g., 
Carlson, Khoo, Yaure, Schneider, 1 990). Many researchers hold that working memory need not 
be divided into distinct verbal and nonverbal components, therefore, implicitly accepting a 
single-workspace, multi-sensory model of working memory (Richardson et al., 1 996). 
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While Baddeley and Hitch' s  model ofworking memory is very influential today, it is not 
the only model of working memory. Table 1 provides some of the other theoretical approaches, 
as identified by Miyake and Shah ( 1999, p. 20-22) in an attempt to illustrate differences in the 
defmitions ofworking memory. This list is not comprehensive, but it does provide a 
representative sampling of the various theoretical orientations. 
The Importance of Working Memory 
Research on working memory continues to illustrate its importance and impact on various 
cognitive aspects of everyday life. Regarding the theoretical value of working memory, many 
recognize the important contribution the construct makes to the understanding of human 
cognition. For example, research has shown that working memory influences the acquisition of 
new vocabulary (Willingham, 2001)  and reading comprehension (Engle, Cantor, & Carollo, 
1993 ; de Jonge & de Jonge, 1996). h has been shown related to overall reasoning ability 
(Kyllonen & Christal, 1 990), overall intelligence (Necka, 1992), and analogical reasoning ability 
(Morrison, 2004). Some researchers have even likened work ing memory tog stating, "No other 
cognitive factor-knowledge, speed, or learning ability--correlated with g after the working 
memory factor was partialed out. Thus, we have our answer to the question of what g is. It is 
working memory capacity" (Kyllonen, 2002, p. 433). While a bold statement, it reflects the 
importance of working memory for some, as well as the confusion and controversy within the 
area, since other researchers suggest that working memory and intelligence are not closely linked 
at all (e.g. , Deary, 2000; Kline, 2000). However, it is likely that working memory and 
intelligence are related in some manner, but the strength of that relationship is uncertain 
(Ackerman, Beier, & Boyle, 2005). 
Embedded-Process Model 
(Cowan) 
''Controlled Attention" Framework 
(Engle, Kane, & Tuholski) 
Adaptive Character ofThought Model 
Reder, & Lebiere) 
Executive-Process/Interactive-Control 
Model (Kieras & Meyer) 
Soar Architecture (Laird, Newell, & 
Rosenbaum) 
Long-Term Working Memory 
Framework (Ericsson & Kintsch) 
Interactive Cognitive Subsystems 
Model (Barnard) 
Controlled and Automatic Processing 
Architecture (Schneider) 
Biologically Based Computational Model 
(O'Reilly, Braver, & Cohen) 
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Description 
Based on the original Baddeley and Hitch 
tripartite model 
A broad-scope information processing 
framework 
Emphasizes the role of attention and the 
prefrontal cortex 
Based on symbolic computational architectures, 
the ACT -R model postulates limitations in 
attentional resources 
Also a symbolic computational architecture, 
with a strong emphasis on strategic executive 
control ofbehavior 
Emphasizes the important role working memory 
plays in learning, knowledge, and skills 
Argues for extending the role of working 
memory; work ing memory is defmed by its 
function 
A distributed framework in which working 
memory emerges from multiple subsystems 
interacting with one another over a network 
Connectionist architecture that features 
hierarchically organized executive control 
mechanisms 
Biologically based connectionist model of 
working memory 
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Clinically, working memory has been shown to be an important construct as well. 
Research has shown that working memory impairment is a common fmding among individuals 
w ith Attention Deficit/Hyperactivity Disorder (Stearns, Dunham, Mcintosh, & Dean, 2004), 
learning disabilities (Brown, Geary, & Samaranayake, 1991  ), schizophrenia (Sullivan, Shear, 
Zipursky, Sagar, & Pfefferbaum, 1 997), and autism (Bennetto, Pennington, & Rogers, 1 996). 
Working memory deficits are useful in detecting cognitive impairment due to stroke (Riepe, 
Riss, Bittner, & Huber, 2003), and both Alzheimer's and Huntington's Diseases (Hodges, 2000). 
Subtle working memory impairment has also been shown to be present in many individuals with 
mi ld traumatic brain injury (Belanger, Curtiss, & Vanderploeg, 2005). 
Definition Difficulties 
As shown, numerous conceptualizations ofthe nature and structure of working memory 
have been proposed since the original formulation of the concept by Atkinson and Shiffi·in 
{1968). It is also apparent that working memory is an important part of human cognition, both 
theoretically and clinically. Currently, many different working memory models can be 
simplified into two distinct categories: "(a) those that retain the single-workspace assumption 
while defming that workspace more flexibly and (b) those in which working memory capacities 
are distributed over a variety of subsystems" (Carlson et al. , 1990, p. 195). Baddeley's model 
would fit into the second ofthese categories, whereas some models (e.g . ,  Carlson et al., 1 990) of 
working memory retain the single-workspace assumption. 
state, 
In a review of different theories of working memory, Miyake and Shah ( 1999, p. 1 -2) 
There is not always a clear-cut distinction between working memory and the still 
prevalent concept of' short-term memory' or STM . . .  To make things worse, the working 
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memory literature is filled with seemingly contradictory claims . . .  [These models] reflect 
such diverse - and one might say, disparate - perspectives on the nature, structure, and 
functions of working memory. 
This statement is reflective of the seemingly contradictory research findings mentioned earlier 
that both support and refute Baddeley and Hitch's model of working memory. 
Other points of disagreement between working memory conceptualizations include: how 
individual differences are conceptualized (e.g. ,  available mental resources versus long-term 
knowledge and skills), basic mechanisms and representations in working memory, control and 
regulation of working memory, limitations of working memory, the relationship between 
working memory, long-term memory, knowledge, and attention, and the role of working memory 
in cognitive activities (Miyake & Shah, 1999). Finally, recent research focusing on the 
biological correlates of working memory has shown strong evidence for the uniqueness of the 
construct (e.g., Smith & Jonides, 1999; Van Snellenberg, Torres, & Thorton, 2006); however, 
there is still debate on the biological representation of working memory (Miyake & Shah, 1 999). 
It is possible that the several different theoretical assumptions that have been made, and 
the general disagreement among researchers on the nature and importance of working memory, 
are, at least in part, attributable to the dissimilar ways working memory has been operationalized 
in many research efforts. Without a consistent operational defmition, different results seem 
likely. To illustrate this, let us examine the research literature on working memory for the past 
fifteen years. When a researcher operationalizes working memory, he or she does so by using 
one or more defined working memory tasks. Unfortunately, an understanding of working 
memory has been built upon research that has used multiple and sometimes highly discrepant 
definitions of working memory. For example, working memory has been operationalized using 
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tasks as different as a maze (with rats) (Diamond, Fleshner, Ingersoll, & Rose, 1996), a 
combined verbal and spatial task (Hale, Bronik, & Fry, 1 997), and a reading task (Arnett, 
H igginson, Voss, Bender, Wurst, & Tippin, 1999). In addition, many studies tend to use only 
one type ofworking memory task (e.g. , usually a verbally oriented task) and generalize their 
findings to the broad construct of working memory. 
Standardized Tests of Working Memory 
Unfortunately, this diversity in theoretical understanding also extends into clinical 
application. Therefore, if one is comparing working memory measures across different 
standardized tests, do they measure the same construct, and therefore yield the same result? To 
help answer this question, an examination of commonly used memory instruments follows. 
Wechsler Adult Intelligence Scale- Third Edition (WAIS-III) (Wechsler, 1997b). The 
WAIS-III concept ofworking memory assumes the single-workspace theoretical view. In the 
WAIS-III - WMS-III Technical Manual it is stated, 
Although [Baddeley and Hitch's] three-component theory is popular, other researchers 
have deemphasized the distinction between the verbal (phonological loop) and the visual 
(visuospatial sketch pad) components. The W AIS-III and the WMS-III also deemphasize 
the distinction between verbal and visual material. (Wechsler, 1 997a, p. 7) 
Consequently, the W AIS-III only includes verbal measures (Arithmetic, Digit Span, and Letter­
Number Sequencing subtests) that define its Working Memory factor. 
Wechsler Memory Scale - Third Edition (WMS-III) ( 1997c). As noted above, the WMS­
III is also built upon the single-workspace view of working memory. However, the item content 
contains both verbal (Letter-Number Sequencing subtest) and nonverbal (Spatial Span subtest) 
measures, indicating that the WMS-III operationally defined the working memory construct 
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differently than the W AIS-III. This difference is not emphasized, for the test manual states that 
researchers have illustrated that "there is a single workspace, which is limited, and that this 
single-workspace model holds whether or not the working memory is divided into subsystems." 
(Wechsler, 1 997a, p. 7) 
Stanford-Binet Intelligence Scale - Fifth Edition (SB5) (Roid, 2003) . Unfortunately, the 
SB5 (Roid, 2003) has no information in its technical manual concerning the conceptualization of 
working memory. Operationally, the test has taken a multiple-component theory approach to 
working memory because there is a measure of verbal (Memory For Sentences/Last Word 
subtest) and nonverbal (Delayed Response/Block Span subtests) working memory. 
Wide Range Assessment of Memory and Learning- Second Edition (WRAML2) (Sheslow 
& Adams, 2003). While the WRAML2 (Sheslow & Adams, 2003) does not explicitly state how 
it operationalized working memory, the authors do note, "Although the WRAML2 is not bound 
to a particular model, there was an attempt to update the test structure to conform to 
contemporary ideas about memory within the bounds of clinical assessment" (Shes low & 
Adams, 2003, p. 5). Citing Baddeley's research, the authors indicate that they were influenced 
by it in test development: "Given increasing recognition of the integral role played by executive 
processes in memory functioning, the battery now provides both a Working Memory Index and a 
separate Attention/Concentration Index" (Sheslow & Adams, 2003, p. 5). 
Specific subtests of the WRAML2 indicate a division between working memory, labeling 
their subtests Verbal Working Memory and Symbolic Working Memory (Sheslow & Adams, 
2003). It is unclear whether the Symbolic Working Memory task is measuring verbal, 
nonverbal, or a third working memory aspect. 
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Comparing Working Memory with Working Memory 
Because of the concern that exists regarding the diversity between operationalized 
defmitions of working memory, some research has been directed at comparing different 
measures of working memory. In examining how item content plays a role in work ing memory 
and its relationship to performance, Perlow et al. (1999) compared two types ofworking memory 
tasks, each with two versions: mathematics-based tasks (participants were asked to recall the last 
numbers in a series of arithmetic problems) and reading-based tasks (participants were asked to 
recall the last word of a sentence in a series of statements). Their hypothesis was that the tasks 
would differ, and that this would offer support that working memory was composed of multiple 
systems rather than a single system that processes multiple types of input. They found that the 
correlations (ranging between .30 and .35) between the mathematics-based and reading-based 
working memory tasks were small enough to consider the tasks different (Perlow et al. , 1 999). 
While this finding is interesting and might suggest that working memory is a multifaceted 
construct, the authors only utilized two verbal working memory measures from one test of 
unknown validity (Salthouse's working memory measures [Salthouse, 1 990; Salthouse & 
Babcock, 1991]), thereby, limiting the generalizability of the fmdings. 
In another attempt, Swanson ( 1992) assessed the relationship between working memory 
and academic achievement. As part ofthis effort, Swanson (1 992) proposed eleven measures of 
working memory and correlated them with each other (see Table 2 for results). He found 
correlations ranging from . 1 1  to .64; most were found to be significant (Swanson, 1 992). 
However, because the tasks were created for purposes of the study, the clinical utility of the 
results is limited. 
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Table 2 
Jntercorrelations Between Various Working Memory Tasks, with Age Partialed Out, as Reported 
by Swanson (1992) 
Task 1 2 3 4 5 6 7 8 9 1 0  1 1  
1 .  Rhy 
2. VM .33 
3. ADS .60 .48 
4. MD .40 .64 .5 1 
5. SR .27 .54 .46 .56 
6. PS .37 .48 .47 .43 .44 
7. PR .38 .35 .54 .43 .4 1 .54 
8. so .37 .36 .31  .38 .39 .40 .28 
9. SA .27 .31  .48 .36 .33 .45 .42 .37 
10 .  sc .26 .36 .45 .42 .41 .50 .47 .32 .61  
1 1 .  NS . 1 1  .37 .35 .48 .39 .34 .45 .28 .37 .46 
Note. N = 98. Rhy = rhyming; VM = visual matrix; ADS = auditory digit sequencing; MD = mapping and 
directions; SR = story recall; PS = picture sequencing; PR =phrase sequencing; SO = spatial organization; SA = 
semantic association; SC =semantic categorization; NS =nonverbal sequencing; For r > .20, p < .05. 
Problem and Hypothesis 
It has been shown that working memory is an important construct for cognitive and 
clinical arenas. It has also been shown that because of varying uniformity in defining this 
construct, confusion surrounds it theoretically and clinically. Knowing the relationship between 
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commonly accepted operational measures ofworking memory is important, otherwise 
researchers and clinicians may be using a common term, but may actually mean very different 
things. To date, no empirical investigation has been completed that examines the relationship 
between different but commonly used measures of working memory in clinical practice. The 
purpose of this study was to examine the relationship among several of the most commonly used 
clinical measures ofworking memory. 
Using the null hypothesis, it was predicted that there would be no statistically significant 
differences between working memory subtest scaled scores obtained from commonly used 
cognitive batteries. Further, it was predicted that there would be no statistically significant 
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Power analysis (Murphy & Myors, 2004) indicated that sixty-six participants were 
necessary, for an assumed effect size of . 70 and a power level of .80. Selective stratification was 
employed based on the 2000 U.S.  census data and on variables that are known to influence 
working memory ability. Therefore, 32 males and 34 females between the ages of 18-39 years 
were obtained. Research indicates that developmental differences in working memory do exist 
(Jenkins, Myerson, Hale, & Fry, 1 999), especially after 45 years of age. Therefore, the 18-39 
year age range was selected to minimize developmental effects. Consistent with the 2000 U.S. 
census data, thirty-four percent (N = 22) of the sample was enrolled in college or had graduated, 
and sixty-six percent (N = 44) had a high school diploma or less. The sample also approximated 
the 2000 U.S. census for socioeconomic status (SES), with the highest level of parental 
education (either parent) being used as a convenient and reasonably accurate estimate for those 
aged 18-24 years. For those aged 25-39 years, the participants' own education was used as an 
estimate of SES. Accordingly, the fmal sample (including participant education (25-39 years) 
and parental education ( 18-24 years)) consisted of approximately twenty percent (N =13) having 
a high school diploma or less, fifty-six percent (N =37) with some college (including an 
associate' s  or two-year degree), and twenty-four percent (N = 1 6) earned at least a bachelor's 
degree. 
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Volunteer participants were obtained from George Fox University undergraduate 
psychology courses and the community. Potential participants were offered fifteen dollars as an 
incentive to participate. With professor permission, students in an undergraduate psychology 
course were given a short verbal description of the study, its purpose, incentive for participating, 
and a form on which to indicate their contact information if interested in participating. They 
were contacted via telephone to establish eligibility and schedule an appointment for testing. 
Testing of college students occurred on campus, either at the library or health and counseling 
center. 
Community members were obtained via flyers that were posted on community bulletin 
boards at apartment complexes, participant word of mouth, and advertisements placed on the 
internet. Upon initial contact via telephone, eligibility was established and an appointment for 
testing was made. Community participants were offered a university or alternate testing site 
from which to choose, such as a local public library or an apartment clubhouse. 
Educational status was obtained from each participant in order to match census data 
regarding education level. Found in Appendix A is a demographic page on which this 
information was recorded. Exclusion criteria for the participants are also found in Appendix A 
and included: previously known history of ADHD, learning disabilities, autism, schizophrenia, 
or previous history of traumatic brain injury or other neurological insult or disease. These 
individuals were excluded based on research (see pg. 8) indicating that working memory 
impairment is considered common among the excluded disorders/subgroups. Other exclusion 
criteria mimicked exclusion criteria from the standardization sample of the W Al S-III, and 
included: color-blindness, uncorrected visual or hearing problems, current treatment for alcohol 
or drug dependence, upper extremity disability that would hinder performance of subtests, and 
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major psychiatric illness (see Appendix A). All interactions with participants conformed to APA 
ethical standards, including being extended informed consent about the procedures prior to 
testing (see Appendix B).  All procedures were approved by the George Fox University 
Institutional Review Board. Upon completion of this research, all participants who requested 
them were mailed a summary of the study and findings. 
Materials 
Eight individual subtests of working memory were used from four commonly utilized test 
batteries that measure cognitive ability: W AIS-III, WMS-III, WRAML2, and SB5.  Each 
contained standardized working memory subtests with normally acceptable levels of reliability 
(see Table 3). Because the same Letter-Number Sequencing subtest is found on both the WMS­
III and W AIS-III, it was administered once, but used for both the WMS-III and W AIS-III 
working memory indexes. On the SB5, the Verbal Working Memory and Nonverbal Working 
Memory subtests were utilized. However, due to the routing system employed by this 
instrument, participants began testing at an appropriate level for an adult population. 
Specifically, for the Verbal Working Memory subtest, participants began at Level 4 and received 
credit for previous, non-administered items. Similarly, participants began at Level 3 for the 
Nonverbal Working Memory subtest and received credit for previous, non-administered items. 
In the normative sample of the SB5, from age 1 3  to adult, there were very few participants 
(approximately 0.5%) who required being routed to a lower level than those specified, thus 
justifying the suggested starting points (Personal Communication, G.H. Roid, March 1 3, 2006). 
All subtests yielded age-normed scaled scores allowing for inter-subtest comparisons. An 
Examiner Record Form was created (see Appendix C), on which all data were recorded. 
Evaluating Relationships 17  
Table 3 
Internal Consistency and Test-Retest Reliability Coefficients for Measures of Working Memory 
Proposed in this Investigation 
Measure Subtest/Index Internal Consistency Test-Retest 
WAIS-III Digit Span .90 - .92 .83a 
Letter-Number Sequencing .75 - .88  .70 - .78• 
Arithmetic .87 - .90 .86 - . 87• 
Working Memory Index .93 - .95 . 87 - .9o· 
WMS-III Spatial Span . 82 - .85 .n· 
Letter-Number Sequencing . 75 - . 88  . 7 1 "  
Working Memory Index .85  - .91  .79• 
WRAML2 Verbal Working Memory .76 - .79b .76c 
Symbolic Working Memory .78 - . 85b .69c 
Working Memory Index .86 - . 88b .soc 
SB5 Nonverbal Working Memory .89 - .92d .66 - .84e 
Verbal Working Memory . 82 - .85d .79 - . 84e 
Working Memory Index .9 1  - .93d .79 - .88e 
Note. WAIS-III =Wechsler Adult Intelligence Scale- Third Edition. WMS-III =Wechsler Memory Scale- Third 
Edition. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = Stanford-Binet 
Intelligence Scales- Fifth Edition. WAIS-III & WMS-III Ages: 18-44. •Ages : 16-54 b Ages: 18-39. cAges: 5-84. 
d e Ages: 17-39 Ages: 6-59; corrected r. 
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The subtests selected from the Wechsler Adult Intelligence Scale - Third Edition 
(Wechsler, 1997b) included the Arithmetic, Digit Span, and Letter-Number Sequencing subtests. 
The W AIS-III Arithmetic subtest requires examinees to mentally solve orally presented 
arithmetic word problems. The Digit Span subtest requires examinees to recite a list of orally­
presented digits. This list gradually becomes longer as the subtest progresses. Initially, the 
examinee is asked to recite the digits in the manner they are presented (repeating as heard) 
followed by a backwards condition using different series of digits (i.e., repeating the digits in the 
reverse order of what is presented orally). Another W AIS-III subtest is Letter-Number 
Sequencing on which numbers and letters are read in a random order. The examinee must then 
recite the numbers followed by letters in ascending numerical and alphabetical order, 
respectively. Intercorrelations among these specific subtests are reported in the W AIS-III­
WMS-III Technical Manual (Wechsler, 1997a), and range between .52 and .70. These subtests, 
when combined constitute the Working Memory Index, which correlates at a level of .82 with 
the Working Memory Index from the WMS-III. Table 3 provides average internal consistency 
and test-retest reliability for each of these and subsequently described subtests, as reported in 
their respective test manuals. However, it should be noted that these coefficients are not entirely 
comparable because they are based on somewhat different age groupings. Table 4 provides 
known intercorrelations between the standardized working memory indices being proposed in 
the present study. 
Spatial Span was used from the Wechsler Memory Scale - Third Edition (Wechsler, 
1997c). Spatial Span requires an examinee to repeat a tapped sequence ofblocks in a fixed 
array. The sequence gradually becomes longer as the subtest advances. Initially, the examinee is 
asked to repeat the sequence in the manner it is presented. Eventually, a backwards condition is 
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Table 4 
Jntercorrelations between Proposed Working Memory Indexes (as reported in their respective 
Test Manuals) 
Measure 













Note. WAIS-III =Wechsler Adult Intelligence Scale- Third Edition. WMS-III =Wechsler Memory Scale- Third 
Edition. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = Stanford-Binet 
Intelligence Scales- Fifth Edition. X =  Correlation not reported by respective test manuals. 
introduced (i.e., repeating the presented sequence in its reversed order). 
Verbal Working Memory (consisting ofthe Last Word activity) and Nonverbal Working 
Memory (consisting ofthe Block Span activity) were used from the Stanford-Binet Intelligence 
Scale - Fifth Edition (Roid, 2003) . While there are technically four activities within these 
subtests, only two were utilized due to the starting points mandated (see above). The Last Word 
activity requires an examinee to listen to a sentence and then answer a series of yes or no 
questions about the sentence posed orally by the examiner, and then repeat the last word of the 
sentence. The Block Span subtest consists of a set of blocks placed on numbered areas with 
either a yellow color code (blocks 1 -4) or a red color code (blocks 5-8). The examinee is 
presented a sequence of ''taps" and is required to tap either blocks in the red area or blocks in the 
yellow area that correspond to the initial presentation. The examinee is first required to simply 
Evaluating Relationships 20 
the pattern exhibited by the examiner. Eventually, the examinee is required to order the 
by color first and then by ascending number. The test-retest and average internal 
---.. ��"'" reliabilities for these domains and index have been provided as well (see Tables 3 
4), however, as previously noted, these reliability coefficients, along with the average 
consistency are not completely comparable because of different age groupings used. 
The SB5 Technical Manual (Roid, 2003) reports a . 82 correlation with the W AIS-III Full Scale 
Symbolic Working Memory and Verbal Working Memory subtests were used from the 
Wide Range Assessment ofMemory and Learning - Second Edition (Sheslow & Adams, 2003). 
The Symbolic Working Memory subtest requires examinees to order numbers and point to them 
after the examiner has read them in random sequence (Level A). It also requires examinees to 
order numbers and letters by pointing after the examiner has read a random sequence of numbers 
and letters (Level B). The examinee is required to order the numbers first and then the letters. In 
the Verbal Working Memory subtest, examinees are read a list of animal and non-animal objects. 
Examinees are then asked to order and recite the animals according to size. Examinees are not 
required to order non-animal objects by size; just recall them. On a second phase, examinees are 
required to order animal and non-animal objects by size. 
The battery of eight working memory tasks was administered to participants individually, 
according to the standardized administration instructions provided by their respective test 
administration manuals. All subtests were administered in the same session, which lasted 
approximately 55 minutes. Participants obtained from George Fox University were administered 
the battery in a quiet room free from distractions, with adequate lighting and furnishings to 
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complete testing (e.g. ,  table, desk, and chairs). Participants obtained from the community were 
administered the battery at local libraries, apartment clubhouses, and participant's homes if they 
were found to be quiet, free from distraction, and contained adequate lighting and furnishings. If 
these criteria were not met, the meeting was rescheduled at a different location. Subtests were 
given in a randomized order to minimize systematic practice and fatigue effects on subtests. 
Randomization was accomplished by manually assigning each subtest a number from one to 
eight and then determining the initial subtest order using a random number table. The order was 
then varied by moving the first subtest to the end for the second participant, and so forth. 
Therefore, the original subtest order was given every 8 participants. 
In addition to the author, three additional, graduate-level, clinical psychology students 
who completed at least one course in cognitive assessment served as test examiners. Each 
examiner was trained by the author on administration of the subtests in accordance to the 
standardized administration procedures for each respective subtest as well as familiarized with 
the procedures of this study. The author explained the administration in lecture format, 
supervised practice administrations to one another, and answered any questions that arose. To 
further ensure competency, examiners administered any unfamiliar subtests to the principal 
examiner. Examiners were given various demographic criteria and instructed to obtain 
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The Statistical Package for the Social Sciences (SPSS ;  version 15.0) was used for all 
analyses. Differences found in all analyses were considered significant if at least the .05 level of 
confidence was obtained. 
Means and standard deviations of subtest and index scores using the entire sample are 
presented in Table 5. To further evaluate sample means, a one-sample t-test was performed, 
comparing subtest means to a population mean of 10. Results indicated that subtest means did 
not significantly differ from the population means, with the exception of the Verbal Working 
Memory (WRAML2) subtest which was found greater than the expected scale score of 1 0  (M = 
1 1 . 17, p = .001 ). Similar analyses were performed on the four working memory index means, 
using a population mean of 1 00. Again, the indexes did not significantly differ from their 
respective population means, with the exception of the WRAML2 index (M = 1 03.95, p = .02). 
Therefore, except for the WRAML2 procedures, all other working memory measures yielded 
results indicating that the sample obtained was representative of the general population. 
Skewness of the subtest and index results was also examined. Analyses for normality 
were completed and those results appear in Table 6. As can be seen, 6 of the subtests and 3 of the 
indexes were found to differ from a normal distribution. Figures 1 -3 illustrate all subtest and 
index distributions represented in Table 6. 
Table 5 











Verbal Working Memory 
Symbolic Working Memory 
Nonverbal Working Memory 
Verbal Working Memory 
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M(SD) 
103 .26 ( 16. 1 6) 
1 0.48 (3 .07) 
10 .7 1 (3 . 1 0) 
10.47 (2.80) 
102. 1 1  ( 1 6. 35) 
10.24 (3 .06) 
103 .95 ( 13 . 5 1 )  
1 1 . 1 7  (2. 84) 
1 0.36 (2.86) 
99.41 ( 13 .97) 
1 0.20 (3 .22) 
9.59 (2.2 1) 
Note. N = 66. WAIS-III =Wechsler Adult Intelligence Scale- Third Edition. WMS-III =Wechsler Memory Scale 
- Third Edition. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = 
Stanford-Binet Intelligence Scales- Fifth Edition. 1The WMS-III Index Score was obtained by combining the 
Letter-Number Sequencing and Spatial Span subtests, the latter being administered as part of the WAIS-III 
procedure. 
Evaluating Relationships 24 
Table 6 
Skewness, Kurtosis, and Normality of Working Memory Subtests and Indexes 
Subtest/Index Skewness Kurtosis Normality1 
1 .  Digit Span .74 . 1 6  . 14* 
2. Arithmetic - .08 - .65 . 1 0  
3. LNS 1 .09 . 7 1  .22* 
4. Spatial Span .67 .67 . 14* 
5. Verbal WM (WRAML2) -.25 .02 . 1 0  
6. Symbolic WM -.25 . 9 1  . 12* 
7 .  Verbal WM (SB5) . 8 1  .35 .21  * 
8. Nonverbal WM .30 . 38  . 1 5*  
9. WAIS-III WM Index . 75 .33 . 1 2* 
10. WMS-III WM Index 1 . 3 1  1 .96 . 1 5* 
1 1 . WRAML2 WM Index - . 1 8  .0 1  .06 
12. SB5 WM Index . 7 1  .49 . 1 9* 
Note. 1 Kolmogorov-Smimov. *Significant result (p < .05). LNS =Letter-Number Sequencing . WM =Working 
Memory. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 =Stanford­
Binet Intelligence Scales- Fifth Edition. W AlS-111 =Wechsler Adult Intelligence Scale- Third Edition . WMS-111 
== Wechsler Memory Scale- Third Edition. 
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Figure 1. Frequency distributions of obtained scaled scores for Digit Span, Arithmetic, Letter-
Number Sequencing (LNS), and Spatial Span working memory subtests, with overlay of the 
normal curve. 
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Verbal WM (WRAML2) 
0 5 1 0  15 20 
Subtest Scaled Score 
Nonverbal WM 
0 5 1 0  1 5  20 
Subtest Scaled Score 
Figure 2. Frequency distributions of obtained scaled scores for the Verbal Working Memory 
(SB5), Verbal Working Memory (WRAML2), Symbolic Working Memory, and Nonverbal 
Working Memory subtests, with overlay of the normal curve. 
Note. WM = Working Memory. SB5 = Stanford-Binet Intelligence Scales- Fifth Edition. WRAML2 = Wide 
Range Assessment of Memory and Learning- Second Edition. 
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WMS-11 1  
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Figure 3. Frequency distributions of obtained index scores for the W AIS-III, WMS-III, 
WRAML2, and SB5 working memory indexes, with overlay of the normal curve. 
Note. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = Stanford-Binet 
Intelligence Scales- Fifth Edition . WAIS-III =Wechsler Adult Intelligence Scale- Third Edition. WMS-III = 
Wechsler Memory Scale- Third Edition. 
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Pearson correlations were computed between mean subtest performance of the eight 
working memory subtests, and results are found in Table 7 .  All working memory subtests were 
found to be significantly correlated (p < .01), with r' s ranging from .37 to .76. Due to 
attenuation associated with correlating variables with less than perfect reliability and the small 
sample size, Spearman's correction was applied (Spearman, 1 904; Wetcher-Hendricks, 2006); 
results are found in Table 8. Subtests correlated in the moderate to strong ranges (.45 - . 88) after 
this correction was applied, indicating generally strong association among variables. Common 
variance shared among pairs ofthe eight working memory subtests ranged from 1 3 .7% to 57.8% 
or 20.3% to 77.4% after the correction for attenuation was applied. The relationship between 
Verbal WM (SB5) and Symbolic Working Memory (WRAML2) shared the least common 
variance. The relationship between Digit Span and LNS showed the most common variance, 
followed by Symbolic WM and LNS. 
As stated in the null hypothesis, a high mean relationship was expected among the four 
working memory index measures. Therefore, Pearson correlations were calculated for index 
scores. Similar to fmdings obtained for working memory subtests, all index scores were 
significantly correlated (p < . 0 1 ), ranging from .66 to .85 (see Table 9). As with the subtest 
correlation matrix, Spearman's correction for attenuation was applied, resulting in altered and 
stronger correlations between the indexes ranging from .74 - .95 (see Table 1 0). The least shared 
common variance was found between working memory indexes of the SB5 and the W AIS-III. 
The most shared common variance was found between the WMS-III and WAIS-III working 
memory indexes, which is not surprising since they share a common subtest. While all 
correlations were found significant, the WRAML2 working memory index was more highly 
correlated with the W AIS-III and WMS-III than was the SB5 .  
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Table 7 
Jntercorrelations between Working Memory Subtests 
Subtest 1 2 3 4 5 6 7 8 
1 .  Digit Span 
2. Arithmetic .58  
3.  LNS .76 .61  
4. Spatial Span .52 . 5 1  .54 
5. Verbal WM (WRAML2) .53 .46 .52 .50 
6. Symbolic WM .64 .58  .66 .50 .47 
7. Verbal WM (SB5) .58  .52 .48 .49 .60 .37 
8. Nonverbal WM .55 .47 .48 .63 . 5 1 . 52 .56 
Note. All correlations were found significant, p < 0 . 0 1  ( 1-tai1ed) .  N =66. LNS =Letter-Number Sequencing. WM 
=Working Memory. WRAML-2 =Wide Range Assessment of Memory and Learning - Second Edition. SB5 = 
Stanford-Binet Intelligence Scales- Fifth Edition. 
Partial correlations were also obtained, controlling for the demographic variables that 
ensured a representative sample. Tables 1 1 - 14  provide partial correlations for subtests after 
controlling for SES, gender, age, and all three variables combined. Tables 15 - 18  provide partial 
correlations for indexes after controlling for SES, gender, age, and all three variables combined. 
As can be seen, these correlations were altered somewhat after controlling for these variables, 
but the alterations were minimal. 
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Table 8 
Attenuation-Corrected Intercorrelations between Working Memory Subtests 
Subtest 1 2 3 4 5 6 7 8 
1 .  Digit Span 
2. Arithmetic .65 
3. LNS .88 . 72 
4. Spatial Span .62 . 6 1  .67 
5. Verbal WM1 .63 .56 .65 .64 
6. Symbolic WM1 .75 .68 . 8 1  .62 .59 
7. Verbal WM (SB5) .67 .60 .58 .60 . 74 .45 
8. Nonverbal WM .62 .53 .57 .76 .62 .61 . 65 
Note. Reliability coefficients used to compute corrected r values = average r value across all age groups for the 
subtest, unless otherwise noted. 1 Reliability coefficient used for the WRAML-2 was the average of the coefficient 
alphas for ages 18- 39 years inclusively. N =66. LNS =Letter-Number Sequencing. WM =Working Memory. 
SB5 = Stanford-Binet Intelligence Scales- Fifth Edition. 
To better examine differences between working memory measures, a repeated measures 
analysis ofvariance (ANOVA) was employed on both the subtest scaled scores and index 
standard scores. The fact that many of the dependent measures deviate from a normal 
distribution does raise concerns about the results of the ANOVA and MANOVA analyses 
reported below, since normality of the data obtained is assumed by both analyses. However, 
while the majority of the dependent variables (subtests and indexes) differed from the normal 
curve, Stevens (2001)  reported that deviations from normality, including skewness and kurtosis, 
Table 9 
Jntercorrelations between Working Memory Indexes 
Subtest 
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3 4 
.66 
Note. All correlations are significant at the 0.0 1  level ( 1-tailed). W AlS-III =Wechsler Adult Intelligence Scale ­
Third Edition. WMS-III =Wechsler Memory Scale- Third Edition. WRAML2 =Wide Range Assessment of 
Memory and Learning- Second Edition. SB5 = Stanford-Binet Intelligence Scales- Fifth Edition. 
have a minimal effect on Type 1 error in univariate and multivariate ANOV A's. Therefore, the 
following results should not be considered significantly altered due to the skewness and kurtosis 
ofthe samples obtained. 
Results from the two ANOVA's indicated a significant main effect for working memory 
measures on the subtest (p = .002; partial eta squared = .050) and index (p = .007; partial eta 
squared = .061 )  level. A Bonferroni correction was applied to all pairwise comparisons to 
control for Type I error. Pairwise comparison of the subtests indicated significant differences 
between the Arithmetic (WAIS-III) and Verbal Working Memory (SB5) subtests (mean 
difference = 1 . 12; p < .05) and the Verbal Working Memory (WRAML2) and the Verbal 
Working Memory (SB5) subtests (mean difference = 1 .58; p < .001), after a Bonferroni 
correction was applied. These results indicate that the Verbal Working Memory subtest from the 
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Table 10 
Attenuation-Corrected Intercorrelations between Working Memory Indexes 
Subtest 













Note. Reliability coefficients used to compute corrected r values =average r value across all age groups for index. 
WAIS-III =Wechsler Adult Intelligence Scale- Third Edition. WMS-III =Wechsler Memory Scale- Third 
Edition. WRAML2 =Wide Range Assessment of Memory and Learning- Second Edition. SBS =Stanford-Binet 
Intelligence Scales- Fifth Edition. 
SB5 generally resulted in scores significantly lower than both the Arithmetic (W AIS-III) and 
Verbal Working Memory (WRAML2) subtests. While the Verbal Working Memory (SB5) 
subtest was not significantly different from other subtests, it was the lowest mean subtest score 
(9.59). 
On the index level, results from a similar pairwise comparison (again after a Bonferroni 
correction was applied) indicated significant differences between the WRAML2 Working 
Memory Index and the SB5 Working Memory Index (mean difference = 4.56; p < .05), 
indicating that the SB5 Working Memory Index evidences a significantly lower mean than the 
WRAML2 Working Memory Index. Similar to the subtest level, the SB5 Working Memory 
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Index evidenced the lowest mean score among all indexes (99 .41), although this difference was 
not significant when compared to the W AIS-111 and WMS-111. 
To further delineate possible differences among working memory measures, stratification 
variables (participant age, socioeconomic status, and gender) were utilized as factors (with 
subtest score as a dependent variable) in a 3 factor multivariate analysis of variance 
(MANOVA). Two separate MANOVA's were conducted, and utilized working memory 
subtests and indexes. These unplanned analyses were conducted to further examine possible 
differences between working memory subtests and indexes that may be accounted for by 
Table 1 1  
Partial Correlations between Working Memory Subtests Controlling for SES 
Subtest 1 2 3 4 5 6 7 8 
1 .  Digit Span 
2. Arithmetic .55 
3 .  LNS .75 .59 
4. Spatial Span .47 .44 .50 
5. Verbal WM (WRAML2) .48 .39 .49 .41 
6 .  Symbolic WM .62 .46 .65 .48 .44 
7. Verbal WM (SB5) .57 .50 .46 .47 .58  . 35  
8 .  Nonverbal WM .53  .45 .46 .62 .48 .50 .55 
Note. All correlations were found significant, p  < 0 . 0 1  ( 1 -tailed). N =66. LNS =Letter-Number Sequencing. WM 
== Working Memory. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = 
Stanford-Binet Intelligence Scales- Fifth Edition. 
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Table 1 2  
Partial Correlations between Working Memory Subtests Controlling/or Gender 
Subtest 1 2 3 4 5 6 7 8 
1 .  Digit Span 
2. Arithmetic .60 
3. LNS .76 .59 
4. Spatial Span .54 .60 .58 
5. Verbal WM (WRAML2) .54 .52 .55 .49 
6. Symbolic WM .63 .57 .66 .53 .48 
7. Verbal WM (SB5) .59 .55 .49 .50 .60 .38 
8. Nonverbal WM .55 .50 .49 .63 .5 1 .52 .56 
Note. All correlations were found significant, p < 0.01 (1-tailed). N =66. LNS = Letter-Number Sequencing. WM 
=Working Memory. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = 
Stanford-Binet Intelligence Scales- Fifth Edition. 
demographic variables. Since no statistically significant interactions were obtained, only main 
effects will be reported. 
Age 
To examine possible effects of age, older and younger subgroups were created by using a 
median split. The mean and median age of the samples was 25.29 years and 23 years, 
respectively. Due to the skewed nature of the sample (see Figure 4), the median age was used to 
defme younger and older age groups. The resulting groups, 18-23 years (N = 34) and 24-39 
years 
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Table 13  
Partial Correlations between Working Memory Subtests Controlling for Age 
Subtest 1 2 3 4 5 6 7 8 
1 .  Digit Span 
2. Arithmetic .58  
3 .  LNS .76 . 62 
4. Spatial Span .52 .50 .54 
5. Verbal WM (WRAML2) .55 .46 .56 .49 
6. Symbolic WM .64 .57 .68 .50 .43 
7. Verbal WM (SB5) . 58  . 5 1 .48 .49 .60 .36 
8 .  Nonverbal WM .55 .47 .48 .63 .53 . 52 .56 
Note. All correlations were found significant, p < 0 . 0 1  ( 1-tailed) . N =66. LNS =Letter-Number Sequencing. WM 
=Working Memory. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = 
Stanford-Binet Intelligence Scales- Fifth Edition. 
(N 
= 32), were employed to examine a possible effect due to age, using a MANOV A. Index and 
subtest means and standard deviations for each age group are presented in Table 1 9. 
Results indicated that age had no significant effect on working memory subtest scores. 
However, a second analysis performed on the working memory indexes resulted in a significant 
age effect (Wilks' Lambda; p 
= . 04; partial eta squared = . 1  7) with the younger ( 1 8-23 years) 
group and older (24-39 years) group differing by about three standard score points. Contributing 
disproportionately to the difference was the WRAML2 Working Memory Index, which had a 
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Table 14 
Partial Correlations between Working Memory Subtests Controlling for SES, Gender, and Age 
Subtest 1 2 3 4 5 6 7 8 
1 .  Digit Span 
2. Arithmetic .55 
3 .  LNS .74 .56 
4.  Spatial Span .49 .52 .54 
5. Verbal WM (WRAML2) . 5 1  .42 .54 .43 
6. Symbolic WM .62 .54 .66 .50 .41  
7. Verbal WM (SB5) .57 . 53  .47 .47 .59 .35 
8 .  Nonverbal WM . 53  .48 .47 .62 . 5 1 . 5 1  .55 
Note. All correlations were found significant, p < 0.01 (1-tailed). N =66. LNS =Letter-Number Sequencing. WM 
=Working Memory. WRAML-2 =Wide Range Assessment of Memory and Learning - Second Edition. SBS = 
Stanford-Binet Intelligence Scales- Fifth Edition. 
mean difference of5.77 standard score points between age groups.  However, while the 
WRAML2 Working Memory Index age difference was likely contributing to the main effect, the 
effect size was very small ( . 1 7). Therefore, the clinical importance of any working memory age 
difference is likely minor. Furthermore, a pairwise comparison of the indexes did not reveal any 
significant differences. 
Evaluating Relationships 3 7 
Table 1 5  















Note. All correlations are significant at the O.O l level ( 1-tailed). WAIS-III =Wechsler Adult Intelligence Scale ­
Third Edition. WMS-III =Wechsler Memory Scale - Third Edition. WRAML2 =Wide Range Assessment of 
Memory and Learning - Second Edition. SB5 = Stanford-Binet Intelligence Scales - Fifth Edition. 
Table 1 6  
Partial Correlations between Working Memory Indexes Controlling for Gender 
Subtest 













Note. All correlations are significant at the 0.01 level ( 1-tailed). W AIS-III = Wechsler Adult Intelligence Scale ­
Third Edition. WMS-III =Wechsler Memory Scale - Third Edition. WRAML2 =Wide Range Assessment of 
Memory and Learning - Second Edition. SB5 = Stanford-Binet Intelligence Scales - Fifth Edition. 
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Table 17  
Partial Correlations between Working Memory Indexes Controlling for Age 
Subtest 













Note. All correlations are significant at the 0 .01  level ( 1-tailed). WAIS-III = Wechsler Adult Intelligence Scale ­
Third Edition. WMS-III =Wechsler Memory Scale- Third Edition. WRAML2 =Wide Range Assessment of 
Memory and Learning- Second Edition . SBS = Stanford-Binet Intelligence Scales- Fifth Edition. 
Table 1 8  
Partial Correlations between Working Memory Indexes Controlling for SES, Gender, and Age 
Subtest 













Note. All correlations are significant at the O .Ol level ( !-tailed). WAIS-III =Wechsler Adult Intelligence Scale ­
Third Edition. WMS-III =Wechsler Memory Scale- Third Edition. WRAML2 =Wide Range Assessment of 
Memory and Learning- Second Edition. SBS = Stanford-Binet Intelligence Scales- Fifth Edition. 
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Socioeconomic Status 
As previously noted in the Methods section, socioeconomic status (SES) was defined as 
either highest level of parental education (1 8-24 years old group) or highest level of personal 
education (25-39 years old group). These education levels were then classified into three groups 
1 5  20 25 30 35 40 
Age 
Figure 4. Frequency histogram of  participant age, with overlay of normal curve. 
Note. Because of the nature of participant age, the median was used to divide the groups. Mean = 25.29; Standard 
Deviation = 6. 12; Skewness =  .79; Kurtosis = -.54. 
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Table 1 9  
Working Memory Means and Standard Deviations for Young and Old Subgroups 
Inde:x/Subtest 18-23 Years 24-39 Years 
WAIS-III 1 03.97 ( 14.84) 1 02.50 ( 17.66) 
Digit Span 1 0.62 (2.65) 1 0.34 (3.50) 
Arithmetic 1 1 .03 (3. 1 0) 10 .38 (3. 12) 
Letter-Number Sequencing 1 0.44 (2.61)  10 .50 (3.03) 
WMS-III1 1 02.94 ( 16.27) 1 0 1 .22 ( 16.65) 
Spatial Span 1 0.56 (3.08) 9 .91  (3.06) 
WRAML2 1 08.24 ( 10.99) 99.41  ( 14.58) 
Verbal Working Memory 12 . 15 (2.40) 1 0 . 1 3  (2.94) 
Symbolic Working Memory 1 0.94 (2.5 1 )  9.75 (3. 12) 
SB5 1 00.35 ( 15.43) 98.41  ( 1 2.40) 
Nonverbal Working Memory 10.32 (3.60) 1 0.06 (2.82) 
Verbal Working Memory 9.79 (2.43) 9.38 ( 1 .96) 
Note. W AI S-Ill = Wechsler Adult Intelligence Scale- Third Edition. WMS-III =Wechsler Memory Scale- Third 
Edition. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = Stanford-Binet 
Intelligence Scales- Fifth Edition. 1The WMS-III Index Score was obtained by combining the Letter-Number 
Sequencing and Spatial Span sub tests, the latter being administered as part of the W AIS-III procedure. 
in accordance with the stratification and employed as a factor in a MANOV A with subtest scores 
as a dependent variable. The three groups were labeled: "High school diploma or less," "Some 
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college - 2 year degree," and "4  year degree or higher." The resulting MANOVA indicated that 
SES had a significant impact on working memory subtest scores (Wilks' Lambda; p = . 01  ; 
partial eta-squared = .27). No significance was obtained between SES subgroups when the four 
indexes were analyzed. 
To further examine SES as a factor impacting working memory subtest scores, a Tukey 
post-hoc analysis was performed. Significant differences were found between the SES 
categories on 3 of the 8 subtest means, specifically the Arithmetic, Verbal Working Memory 
(WRAML2), and Spatial Span subtests. Results indicated that individuals from a higher SES 
performed significantly higher than those from a low SES on these subtests. Specifically, 
participants in the highest SES ( 4-year degree or higher) consistently performed statistically 
better than those in the lowest SES (High school diploma or less); see Tables 20-22 for mean 
differences within the Arithmetic, Verbal Working Memory (WRAML2), and Spatial Span 
subtests. Generally, those whose parents or themselves had a four-year college degree or higher 
had subtest scores slightly more than three scaled score points higher than those with no college; 
this approximates at least a standard deviation higher. Those with some college or a two-year 
degree performed approximately two scaled score points higher than those with no college 
education. Index and subtest means and standard deviations for the three SES subgroups are 
provided in Table 23. Table 24 lists p values for the significant differences found among SES 
groups. 
Gender 
Finally, gender was the third factor employed in the MANOVA, with subtest scores as a 
dependent variable. Results indicated that gender had no significant main effect on working 
memory subtest scores. The second MANOVA, which utilized working memory index scores as 
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a dependent variable resulted in no significant main effect. Male and female subtest and index 
differences are found in Table 25. 
Table 20 
Mean Differences of Arithmetic Subtest Scores as a function of SES 
SES 
1. HSD or Less 
2. Some College - 2-Yr. Degree 








Note. SES = socioeconomic status. HSD = High School Diploma. * The mean difference is significant at the .05 
level; partial eta squared = . 1 5. 
Table 2 1  
Mean Differences of Spatial Span Subtest Scores as a function of SES 
SES 
1 .  HSD or Less 
2. Some College - 2 Yr. Degree 








Note. SES = socioeconomic status. HSD =High School Diploma. * The mean difference is significant at the .05 
level; partial eta squared = . 1 7. 
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22 
Mean Differences of Verbal Working Memory (WRAML2) Subtest Scores as afunction ofSES 
Mean Difference 
HSD or Less 
Some College - 2 Yr. Degree 
3. 2:. 4 Yr. Degree 
1 
1 . 15 
3. 1 1  * 
2 3 
1 .96* 
Note. SES = socioeconomic status. HSD =High School Diploma. * The mean difference is significant at the .05 
level; partial eta squared = . 14. 
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Table 23 
Working Memory Means and Standard Deviations for SES Subgroups (All Ages) 
Index/Subtest S High School Some College - 2:. 4-Year 
Diploma 2-Year Degree Degree 
WAIS-III 93 . 3 1  (8.03) 104.57 ( 1 5 .73) 108 .3 1 (1 9.20) 
Digit Span 9.3 1 ( 1 .44) 1 0. 38  (3 .03) 1 1 .69 (3. 79) 
Arithmetic 8 .3 1 (2. 1 8) 1 1 .27 (3.00) 1 1 . 38 (3 . 1 8) 
Letter-Number Sequencing 9. 1 5  ( 1 .63) 10 .70 (2.91 )  1 1 .00 (3 .08) 
WMS-III1 9 1 .69 (8.63) 102.86 (1 5 .25) 108 .8 1  (1 9.92) 
Spatial Span 8.08 (2. 1 8) 1 0.32 (2. 75) 1 1 . 8 1  (3.47) 
WRAML2 97.08 (10.06) 103 .65 ( 14. 54) 1 10.25 ( 10. 88) 
Verbal Working Memory 9.77 (3 .00) 10 .92 (2.69) 12 .88 (2.34) 
Symbolic Working Memory 9.3 1 (1 .55) 10.49 (3.2 1) 10.94 (2.74) 
SB5 96.00 (7.57) 98.62 (12 .69) 104.00 ( 1 9.47) 
Nonverbal Working Memory 9.38 (2.26) 1 0. 1 1  (3 .07) 1 1 .06 (4. 1 1 ) 
Verbal Working Memory 9.23 ( 1 . 74) 9.41 ( 1 .90) 10. 3 1  (3.07) 
Note. WAIS-III =Wechsler Adult Intelligence Scale- Third Edition. WMS-III =Wechsler Memory Scale- Third 
Edition. WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. SBS = Stanford-Binet 
Intelligence Scales - Fifth Edition . 1The WMS-III Index Score was obtained by combining the Letter-Number 
Sequencing and Spatial Span subtests, the latter being administered as part of the WAIS-III procedure. 
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Table 24 




1 - 2 
1- 3 
Spatial Span 
1 - 2 
1- 3 
Verbal Working Memory (WRAML2) 
1- 3 






-3. 1 1  
- 1 .96 
p Value 






Note. 1 = High School Diploma or less. 2 = Some College - 2 Year Degree. 3 = 4 Year Degree or higher. 
WRAML-2 =Wide Range Assessment of Memory and Learning- Second Edition. 
Evaluating Relationships 46 
Table 25 
Mean Differences of Subtest Scores as a function of Gender 
Subtest 
1 .  Digit Span 
2. Arithmetic 
3 .  Letter-Number Sequencing 
4. Spatial Span 
5. Verbal Working Memory (WRAML2) 
6. Symbolic Working Memory 
7. Verbal Working Memory (SB5) 
8. Nonverbal Working Memory 
Mean Subtest Score 
Male Female 
10.78 10.21  
1 1 . 8 1  9.68 
1 1 .03 9.94 
9 .84 10.62 
10.94 1 1 . 38  
10.72 10.03 
9.59 9.59 
10.22 10. 1 8  
Note. WRAML2 =Wide Range Assessment of Memory and Learning- Second Edition. SB5 = Stanford-Binet 
Intelligence Scales- Fifth Edition. 
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Chapter 4 
Discussion 
This investigation was intended to evaluate whether clinical measures of working 
memory were highly correlated and therefore shown to be measuring a similar construct. The 
results indicate statistically significant correlations among clinical measures ofworking memory. 
As can be seen in Tables 7 and 8, relative uniformity of the correlations also lends support to the 
null hypothesis that the utilized working memory measures are indeed measuring a similar 
construct. However, this inference becomes qualified given the relative strength of these 
correlations. Because the obtained working memory correlations are neither strong nor weak, 
additional evaluation ofthe relative strength ofthese correlations is needed. Further, ANOVA 
results indicated that the sample achieved different levels of performance across some working 
memory subtests suggesting a degree of inconsistency across measures. 
Correlations obtained in the present study ranged :from .37 - .76 (.45 - .88 after corrected 
for attenuation), with a mean correlation of .54 (.65 after corrected for attenuation). Again, this 
fmding, while not a weak correlation, is not as strong as hoped. Furthermore, the range of the 
correlations obtained (.39) is quite large, again indicating that further evaluation is needed. 
If indeed these data support the notion of a single construct, they should approximate the 
level of known correlations for other well-established constructs .  Therefore, to evaluate whether 
the magnitude of obtained correlations is credible, existing relationships among other constructs 
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were examined. In the discussion that follows, non-corrected correlations will be compared with 
other non-corrected correlations, and corrected correlations will be compared with like data. 
In order to evaluate obtained correlations, standards should first be established. Data 
should demonstrate good reliability (internal consistency and test-retest), good face validity, and 
strong correlations reflecting relatively little variability across the age ranges under examination 
( 1 8-3 9 years). If measures do not reflect these basic characteristics, they would likely not 
possess necessary psychometric qualities to qualify them as credible standards for comparison. 
Comparisons with the WA1S-111 
The Verbal Comprehension Index from the W AIS-III is comprised of the Vocabulary, 
Similarities, and Information subtests (Wechsler, 1 997a). This index demonstrates high internal 
consistency and test-retest reliability across all age ranges and has a relatively high degree of 
face-validity (Wechsler, 1 997a). Correlations among the subtests that comprise this index range 
from .68 to . 80 with a mean correlation of .74 (age range = 1 8-44 years) (Wechsler, 1997a). 
Therefore, using the mean correlation among subtests comprising the Verbal Comprehension 
Index as a standard, one can see that the obtained working memory subtest correlations 
(represented by the mean correlation) are noticeably lower. When examining individual 
correlations, one can see that only two subtests (Digit Span and Letter-Number Sequencing) 
approximate this standard. 
However, comparisons to subtest correlations found in other indexes show correlations of 
a similar magnitude as those found with this study's working memory subtests. For example, the 
mean correlation among subtests comprising the Perceptual Organization Index (POI) from the 
WAIS-III is .52, compared to .54 for this study's mean working memory intercorrelation. 
However, the range of correlations within the subtests comprising the POI is relatively large ( .33 
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.66). While this relatively large range of correlations may make the POI subtests a questionable 
standard by which to compare other subtests, it should be noted that the obtained working 
memory correlations have a similar range ( .37 � .76). 
Further evidence suggesting relative weakness of the working memory subtest 
correlations found in this study is provided by comparing these data with existing correlational 
data of subtests that purport to measure dissimilar constructs. For example, the mean correlation 
(ages 1 8�44 years) between the Vocabulary and Block Design subtests is .52 (Wechsler, 1 997a), 
which could arguably be described as predominantly shared variance due to the general factor of 
intelligence (g) (Gregory, 2004). Interestingly, the magnitude ofthe correlation between the 
Vocabulary and Block Design subtests is very similar to the mean correlation among working 
memory subtests found in the present study. Similarly, the mean correlation (ages 1 8�44 years) 
between the Vocabulary and Object Assembly subtests is .47 (Wechsler, 1 997a), which 
(although lower) is again similar to the average correlation obtained in the present study. Similar 
examples can be found by examining mean correlations among the Picture Arrangement and 
Information subtests (.56), Object Assembly and Symbol Search subtests (.48), and 
Comprehension and Matrix Reasoning subtests (.53) (Wechsler, 1 997a). Furthermore, ofthe 28 
correlations between working memory subtests ofthe current study, 15 were equal to or lower 
than .52, the correlation between the Block Design and Vocabulary subtests. 
Finally, comparing correlations between W AIS�III working memory subtests and non� 
working memory subtests, one finds similar results. For example, the mean correlation between 
the Digit Span and Vocabulary subtests from the W AIS� III is .45 and the mean correlation 
between the Digit Span and B lock Design subtests is .42 (Wechsler, 1997a). Similar findings for 
the Letter�Number Sequencing and Arithmetic subtests are found in Table 26, and further 
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Table 26 
Mean 1ntercorrelations between Working Memory Subtests and Non- Working Memory Subtests 
from the WA1S-111 
Subtest Pair Correlation Range 
LNS - Matrix Reasoning .53 .44 - .63 
LNS - Picture Arrangement .46 .29 - .57 
LNS - Vocabulary .51 .38 - .63 
Arithmetic - Information .63 .59 -.69 
Arithmetic - Object Assembly .46 .39 - .55 
Arithmetic - Comprehension .59 .55 - .66 
LNS - Digit Span 1 .62 .56 - .70 
LNS - Arithmetic 1 .58 .54 - .63 
Digit Span - Arithmetic 1 .57 .52 - .59 
Note. Correlations obtained from respective technical manual. WAIS-III =Wechsler Adult Intelligence Scale -
Third Edition. LNS =Letter-Number Sequencing. Age range = 18-44 years. 1 Working memory correlations as 
reported in the WAIS-III Technical Manual have been included for ease of comparison. 
illustrate that the obtained intercorrelations for working memory subtests are similar to selected 
known correlations between working memory and non-working memory tasks.  
---------- -
Comparisons with the WMS-111 
The WMS-III the Auditory Immediate Index (composed of the Logical Memory I and 
Verbal Paired Associates I subtests), demonstrates the highest internal consistency among WMS-
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III indexes across age ranges, and has good face validity (Wechsler, 1 997a). The two subtests 
that comprise this index have a known mean correlation of .53 (ages 1 8-44) (Wechsler, 1 997a), 
which is very similar to the correlations reported within the present study. This similarity 
appears to support the notion that, when certain WMS-III subtests are used as a standard, this 
study's work ing memory intercorrelations achieve acceptable levels. However, there is a distinct 
difference between correlations from the WMS-III (.53) and the correlations from the Verbal 
Comprehension Index of the W AIS-III (.74; described above) . Specifically, the correlation 
range across age groups between the Logical Memory I and Verbal Paired Associates I subtests 
is .36 to .68 (Wechsler, 1 997a). Therefore, with such great disparity among correlations, it 
makes it difficult to view the subtests comprising the Auditory Immediate Index as a standard by 
which to compare other subtest correlations. 
The Visual Immediate Index of the WMS-III consists of Faces I and Family Pictures I 
(Wechsler, 1 997a). The average correlation between these subtests is .24 (with a range of . 1 2  to 
.33) (Wechsler, 1 997a). However, evaluating similarities between obtained working memory 
correlations and correlations among subtests from the Visual Immediate Index becomes 
questionable due to these small correlations. Generally, with the field a .24 correlation would be 
considered small (Cohen, 1988). Furthermore, a correlation of .24 only accounts for 
approximately 6% of the shared variance, with the majority of the variance due to unknown 
factors, g, or a combination of the two. Therefore, with a small mean correlation, the Visual 
Immediate Index is not an adequate standard to use to evaluate other correlations. 
When compared to correlations among WMS-III subtests purporting to measure different 
constructs, this study's working memory subtests do demonstrate higher correlations. For 
example, the mean correlation among Logical Memory I and Family Pictures I is .35 and the 
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mean correlation among Verbal Paired Associates I and Faces I is .20. This does lend support 
for a working memory construct, given the relatively higher correlations obtained among 
working memory subtests. Further supporting the strength of obtained working memory 
correlations, the correlations between working memory and non-working memory tasks on the 
WMS-III are relatively lower than the mean correlation among working memory subtests (see 
Table 27). 
Comparisons with the WRAML2 
When examining the correlations among subtests from the WRAML2 one fmds general 
support for the strength of the obtained working memory correlations. Subtests from the 
WRAML2 that load into similar factors demonstrate comparable correlations to working 
memory correlations, for example, Story Memory and Verbal Learning ( .5 1 )  and Design 
Memory and Picture Memory (.4 1 )  (Sheslow & Adams, 2003) .  Furthermore, subtests from the 
WRAML2 that do not purport to measure a similar construct, as expected, correlate at a lower 
rate than the correlations found among working memory subtests. Examples include Story 
Memory and Picture Memory ( .36) and Verbal Learning and Design Memory ( .35) (Sheslow & 
Adams, 2003). 
Correlations between working memory and non-working memory tasks further lend 
general support to the strength of the working memory correlations obtained in the present study. 
With the exception of the Sentence Memory subtest, the majority of the subtests from the 
WRAML2 had lower correlations with working memory subtests than found within working 
memory tasks (see Table 28). 
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Table 27 
Mean Intercorrelations between Working Memory Subtests and Non- Working Memory Subtests 
from the WMS-111 
Subtest Pair 
Spatial Span - VP A I 
Spatial Span - LM I 
Spatial Span - FP I 
LNS - VPA I 
LNS - LM I  
LNS - FP I 










.20 - .38 
. 14 - .46 
. 17 - .39 
.32 - .52 
.29 - .44 
. 10 - .42 
.40 - . 58  
Note. Correlations obtained from the respective technical test manuals. WMS-III =Wechsler Memory Scale ­
Third Edition. VPA =Verbal Paired Associates. LM =Logical Memory. FP =Family Pictures. LNS =Letter­
Number Sequencing. Age range = 1 8-44 years. 1Working memory correlations as reported in the WMS-III 
Technical Manual have been included for ease of comparison. 
Comparisons with the SB5 
Comparing working memory correlations from the current study with correlations of 
other SB5 subtests that load on various constructs, one finds that working memory correlations 
are generally as high as correlations among subtests comprising most other test constructs on the 
SB5 (Knowledge, Fluid Reasoning, Quantitative Reasoning, and Visual-Spatial) (see Table 29). 
However, the relationship between Verbal Quantitative Reasoning and Nonverbal Quantitative 
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Reasoning (. 76) (Roid, 2003) is relatively stronger than obtained working memory correlations, 
once again questioning the relative strength of obtained working memory correlations. 
Furthermore, seemingly unrelated tasks from the SB5 have similar correlations as those 
found within working memory tasks of the current study. For example, the correlation among 
the Nonverbal Quantitative Reasoning and Verbal Visual-Spatial Processing subtests is . 74, 
much higher than most intercorrelations from the present study as well as reported working 
memory correlations from the SB 5 technical manual (Roid, 2003). Other correlations are 
similar, and include the correlations among the Nonverbal Knowledge and Verbal Fluid 
Reasoning subtests ( .64) and the Nonverbal Knowledge and Verbal Visual-Spatial Processing 
(. 70) (Roid, 2003). 
Finally, working memory subtests reported in the SB5 technical manual tend to correlate 
just as well with several non-working memory subtests, again indicating the possibility of the 
shared variance being attributable to one or more unknown factor(s), g, or some combination of 
these. For example, the correlation among the Verbal Working Memory and the Nonverbal 
Knowledge subtests ( .58) is similar to the mean correlation among this study's working memory 
subtests (.54). Other examples can be found in Table 30. 
Summary of Test Correlation Comparisons 
Overall, while working memory subtests correlate at slightly higher levels than with 
ostensibly unrelated subtests (e.g., Digit Span and Block Design from the W AIS-III), this is not 
always the case (e.g . ,  Verbal Working Memory and Verbal Quantitative Reasoning from the 
SB5). Furthermore, it is concerning that the mean working memory correlation from this study 
is no better than correlations among seemingly unrelated tasks (e.g., Block Design and 
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Table 28 
Mean Intercorrelations between Working Memory Subtests and Non- Working Memory Subtests 
from the WRAML2 
Subtest Pair Correlation 
Verbal WM - Story Memory .47 
Verbal WM - Design Memory .32 
Verbal WM - Sentence Memory .62 
Symbolic WM - Story Memory .43 
Symbolic WM - Design Memory .30 
Symbolic WM - Sentence Memory .56 
Symbolic WM - Verbal WM 1 .62 
Note. Correlations obtained from the respective technical test manuals. WRAML2 = Wide Range Assessment of 
Memory and Learning- Second Edition. WM =working memory. The correlations reported are combined for the 
entire adult normative sample; therefore, no ranges were reported . 1Working memory correlations as reported in the 
WRAML2 Technical Manual have been included for ease of comparison. 
Vocabulary from the W AIS-III) and that the obtained correlations tend to be lower than 
correlations between some subtests that appear to measure similar constructs (e.g. , Vocabulary, 
Similarities, and Information from the W AIS-III or Verbal Quantitative Reasoning and 
Nonverbal Quantitative Reasoning from the SB5). Therefore, while the obtained working 
memory intercorrelations from this study were all statistically significant, the actual likelihood 
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Table 29 
Mean Intercorrelations between Non-Working Memory Subtestsfrom the SB5 
Subtest Pair 
NKN - VKN 
NFR - VFR 
NQR - VQR 






Note. Correlations obtained from respective technical manual. SB5 = Stanford-Binet Intelligence Scales- Fifth 
Edition. KN = Knowledge. FR = Fluid Reasoning. QR = Quantitative Reasoning. VS = Visual-Spatial Processing. 
that these subtests are measuring a distinct (working memory) construct in a similar way is 
questionable given the magnitude of correlations found between other subtests ostensibly 
measuring similar and dissimilar constructs. Much of the shared variance found among the 
working memory subtests of this study may simply be attributable to some other common factor 
such as intelligence (g) . 
Further Comparison of Working Memory Subtest Scores 
Repeated measures ANOVA's were utilized to examine differences between subtests and 
between indexes in order to determine whether the subtests used in the present study were 
significantly different. These analyses showed differences between the mean levels of working 
memory ability for several subtest and index scores, lending further support to the notion that 
there is not a single underlying construct. However, the effect size associated with these 
differences was quite small (partial eta-squared = .050 for subtests and .06 1  for indexes), 
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Table 30 
Mean Intercorrelations between Working Memory Sub tests and Non- Working Memory Sub tests 
from the SB5 
Subtest Pair Correlation 
NWM - VQR .60 
NWM - VVS .61  
NWM - VFR .54 
VWM - VQR .63 
VWM - NVS .60 
VWM - NFR .53 
NWM - VWM 1 .57 
Note. Correlations obtained from the respective test technical manuals. SB5 = Stanford-Binet Intelligence Scales ­
Fifth Edition. WM =working memory. QR = Quantitative Reasoning. VS = Visual-Spatial Processing. FR = 
Fluid Reasoning. Age range = 17-50. 1 Working memory correlations as reported in the SBS Technical Manual 
have been included for ease of comparison. 
indicating that for those subtest differences found statistically significant, the magnitude of these 
differences has minimal clinical significance. Therefore, for practical purposes, it may be 
reasonable to think that a single underlying construct may be operating. However, this finding 
does not speak to the nature of what is actually being measured, and the aforementioned 
moderate subtest correlations make it possible that the commonality amongst working memory 
measures is really g, an overarching and non-specific cognitive process, or a combination of 
these and/or other factors. A factor analysis using multiple cognitive measures along with an 
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array of working memory tasks, and employing a much larger sample than used in this study, 
would likely yield important clarification. 
Clinical Recommendations 
Despite a small effect size, the statistical significant difference between the Verbal 
Working Memory subtest (SBS) and the Arithmetic (WAIS-III) and Verbal Working Memory 
(WRAML2) subtests does suggest important implications. The Verbal Working Memory subtest 
(SBS) does have a lower mean scaled score (9.59) than all other subtests, indicating that this 
subtest was the most difficult. Conversely, the Verbal Working Memory subtest (WRAML2) 
had the highest mean scaled score ( 1 1 . 1 7), indicating it was the easiest of the subtests. In a non­
clinical sample it may be safe (due to a small effect size) to perceive all subtests as nearly 
equivalent. However, it is uncertain whether the differences between subtests would be 
exaggerated using clinical samples. Borderline SBS Verbal Working Memory results may 
deserve to be interpreted more benignly as it tends to be a more difficult subtest. Conversely, 
borderline WRAML2 Verbal Working Memory results may deserve to be interpreted more 
strictly. Therefore, caution should be taken when using and interpreting working memory 
subtests in a clinical context since clinical equivalence should not be assumed. Similarly, 
caution should also be exercised when choosing indexes for use with clinical populations. 
Research using clinical samples is needed to evaluate the validity of such concerns. 
Results also lend skepticism to the assumption of there being a verbal-nonverbal 
dichotomy in the clinical measurement of working memory. When separated, differences among 
verbal-verbal, nonverbal-nonverbal, and verbal-nonverbal mean correlations were minimal (see 
Table 3 1  ). Furthermore, the only significant differences found between subtests were within­
domain (verbal) rather than between-domain. While this does not prove that separate verbal and 
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nonverbal domains do not exist, it does bring into doubt whether that distinction currently can be 
made clinically when evaluating working memory. To repeat, because these data are based upon 
a nonclinical sample, it is unclear whether similar working memory subtest uniformity would be 
present using various clinical subsamples (e.g. ,  patients with discrete and lateralized lesions). 
While further research is needed, emerging fMRI fmdings discount the plausibility for separate 
verbal and nonverbal working memory systems (Ray, Mackay, Harmer, & Crow, in press). 
Apparently, visual working memory lacks specific neurological representation, and both "verbal" 
and "nonverbal" working memory are governed by a common neurological mechanism (Ray et 
al., in press). 
Due to moderate correlations obtained, it is inadvisable to estimate working memory 
using a single subtest. Rather, this construct is likely to be best estimated using an index score, 
which, in the present study, yielded higher mean correlations (.73) than mean subtest correlations 
(.54). 
Age, socioeconomic status, and gender, were stratified variables employed to ensure 
representativeness of the overall sample. However, these demographics also created variables 
whose relationship to working memory could be examined. Participant age was found related to 
working memory index scores, with the older group performing significantly better than the 
younger group. However, as indicated earlier, the effect size is minimal, indicating relatively 
little clinical importance. This is congruent with reported developmental trends in working 
memory which indicate little change in adults until approximately 45 years of age (Jenkins et al, 
1999) . This is further supported by examining developmental trends within the subtests utilized 
for this investigation. Figure 5 demonstrates the raw scores needed to obtain an average score 
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Table 3 1  












.46 - .76 
. 50 - . 63 
.37 - .66 
.37 - .76 
Note. Verbal subtests include Digit Span, Arithmetic, Letter-Number Sequencing, Verbal Working Memory 
(WRAML2), and Verbal Working Memory (SB5). Nonverbal subtests include Spatial Span, Symbolic Working 
Memory, and Nonverbal Working Memory. 
(scaled score of 1 0) for the eight subtests. As can be seen, little change is apparent over this 22 
year interval. Therefore, the age differences found within the present study are considered small 
and clinically unimportant. 
Different SES levels were expected to yield differences in working memory performance 
levels since SES estimates were obtained using educational levels. While differences were not 
detected between index scores, the Arithmetic, Verbal Working Memory (WRAML2), and 
Spatial Span subtests were found to differ significantly between upper and lower SES levels (see 
Tables 20-22). Therefore, it can be extrapolated that these subtests are more sensitive to 
socioeconomic differences, indicating that caution should be taken in a clinical context when 
dealing with individuals holding either a high or low level of educational attainment. 
Nevertheless, it is important to note that, as with age, SES differences had a relatively small 
effect sizes, meaning that the clinical importance of SES levels is minimal in a non-clinical 
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sample. However, in a clinical sample, caution should be  exercised when examining differences 
in working memory performance on the Arithmetic, Verbal Working Memory (WRAML2), and 
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Figure 5. Raw score needed to obtain a scaled score of 10  on each working memory subtest, for 
ages 1 8-39 years, as reported in respective test manuals. 
Note. LNS = Letter-Number Sequencing. WM =working memory. WRAML2 = Wide Range Assessment of 
Memory and Learning - Second Edition . SB5 = Stanford-Binet Intelligence Scales- Fifth Edition. Span subtests, 
especially when dealing with individuals from a relatively high or low SES/educational level. 
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Finally, male and female subtest and index differences were not found to be statistically 
significant. This result is consistent with findings for other neuropsychological tests (e.g. , Ruff, 
Light, Parker, & Levin, 1 996) as well as with the assertions made within the respective test 
manuals of the measures used in this study. Therefore, in a clinical setting, working memory 
gender differences would not be expected. 
Evaluation of Methodology 
Significant steps were taken to ensure that a representative sample was obtained. Not 
only was the sample selected to minimize influences known to impact working memory (e.g. ,  
exclusion of parties with psychiatric disorder, head trauma, etc.) but it was also chosen to allow 
generalizability to the general population, through stratification by age, gender, and SES. Such 
efforts seemed successful in obtaining a representative sample since the majority of working 
memory correlations obtained approximated the known working memory correlations found in 
respective technical manuals. A comparison of the obtained working memory correlations 
versus previously known correlations are found in Table 32 (working memory subtests) and 
Table 33 (working memory indexes). 
Second, as mentioned, age did demonstrate a statistically significant effect, but with 
minimal clinical implications (due to a small effect size). Again, these are similar to the 
normative data for the respective working memory subtests, which do indicate some change 
within this age group (1 8-39), although the change would be considered non-important from a 
clinical standpoint (see Figure 5 above) . 
Finally, finding no differences between the male versus female performance is consistent 
with respective test standardization results (e.g . ,  Sheslow & Adams, 2003) as well as 
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Table 32 
Jntercorrelations between Working Memory Subtests as Reported in the Respective Tests ' 




Digit Span - LNS 
Digit Span - Arithmetic 
Arithmetic - LNS 
WMS-III I 
Spatial Span - LNS 
WRAML2 2 
Symbolic WM - Verbal WM 











.6 1  
.54 
.56 
Note. W AIS-III =Wechsler Adult Intelligence Scale- Third Edition. LNS =Letter-Number Sequencing. WMS­
III =Wechsler Memory Scale- Third Edition. WRAML-2 =Wide Range Assessment of Memory and Learning ­
Second Edition. WM = working memory. SB5 = Stanford-Binet Intelligence Scales - Fifth Edition. 1 Age range 
used for obtaining mean correlation = 1 8-44. 2 Age range used for obtaining mean correlation = 9-adult. 
3Corresponding correlation from the present study is attenuation-corrected to reflect corrected correlations reported 
in the WRAML2 Technical Manual. 4Age range used for obtaining mean correlation = 17-50. 
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Table 33  
Intercorrelations between Working Memory Indexes as Reported in the Respective Tests ' 
Manuals and Obtained Correlations from the Present Study 
Index Pair 1 2 3 4 
1 .  WAIS-III 
2. WMS-III .82 
( .85) 
3 .  WRAML2 .67 .60 
(.76) I (.73) I 
4. SB5 X X X 
(.66) (.70) (.66) 
Note. Corresponding correlation from the present study in parenthesis. WAIS-III =Wechsler Adult Intelligence 
Scale- Third Edition. WMS-III =Wechsler Memory Scale- Third Edition. WRAML-2 =Wide Range 
Assessment of Memory and Learning- Second Edition. SB5 =Stanford-Binet Intelligence Scales- Fifth Edition. 
X =  Correlation not reported by respective test manuals. 1 Correlations from the present study are attenuation­
corrected to reflect correction reported in the WRAML2 Technical Manual. 
assumptions made by respective test manuals (implied by the lack of distinct normative data for 
males and females; WAIS-III, WMS-III, and SB5). 
Limitations and Suggestions for Future Research 
The present study was designed to assess the consistency between several work ing 
memory assessment tasks.  While it is questionable that the eight clinical subtests are measuring 
an identical or highly similar construct, additional research would be helpful to further evaluate 
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this conclusion. Specifically, while factor analysis was not utilized due to the inadequate sample 
size required to perform this analysis, this statistical method would be quite helpful in 
determining whether these tests are measuring a similar construct, and whether that construct is 
distinct from other memory and intelligence constructs. 
It is possible that variability of results from the present study would be increased with a 
non-clinical population. Other results do demonstrate transformations of test structure when 
applied to certain clinical populations. For example, the W AIS-III factor loadings have been 
shown to change to a two-factor (versus four-factor) loading with specific clinical populations 
(Jones, Van Schaik, & Witts, 2006). This becomes important because the correlations between 
two instruments may change if testing an individual with focal neurological insult, thus changing 
the relative certainty by which comparisons can be made. Therefore, the general robustness of 
these subtests and indexes could be examined with a similar study using distinct clinical samples 
(e.g., focal cerebrovascular accidents, brain insult due to motor vehicle accidents, etc.). 
Finally, there was little evidence indicating a difference between verbal and nonverbal 
subtests of working memory, despite research supporting Baddeley's tripartite model of working 
memory. However, the present data seem consistent with emerging fMRI research (Ray et al. , in 
press) along with other research (e.g., Carlson et al. , 1990) that also does not support Baddeley & 
Hitch's tripartite model of working memory. As previously mentioned, researchers may be 
using the term working memory and be meaning something entirely different, which may reflect 
the discrepancy between the present findings and research supporting the tripartite model. 
Therefore, further research in this area is needed and could include factor analysis to determine 
whether distinct verbal and nonverbal working memory factors are present. 
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Conclusion 
Overall, results of the current study called into question the assumption that commonly 
used clinical measures of working memory are each measuring the same construct. Lower than 
expected correlations combined with findings indicating somewhat significant differences among 
subtests and indexes indicate that, while a relationship does exist, it is much weaker than 
anticipated. Furthermore, after comparing working memory subtest interrelationships with other 
unrelated subtests, it is arguable that the nature of the modest relationships between measures of 
working memory could be mainly attributable to the general factor of intelligence. Ultimately, it 
is possible that the current clinical methods utilized to measure working memory are not 
sufficient, or perhaps the existing defmition of working memory is lacking an adequate 
foundation, which results in lower than expected relationships among working memory tasks.  
Further compromising the construct ofworking memory is the lack of support for distinct 
verbal and nonverbal components. However, this aspect was not evaluated fully, and further 
research is needed to validate this contention. Finally, because of the results obtained, it 
becomes very important to exercise caution when comparing working memory subtests from 
different cognitive tests, as the relationships between the subtests from different measures is both 
weaker than expected and quite possibly more related to g than working memory. 
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Name: 
Age: 
Gender: D Male D Female 
Protocol Number: 
Are you currently enrolled in college, graduate, or technical school? D Yes 
D No Have you ever been? D Yes 
Have you previously obtained any type of college degree (e.g. AA, BA, BS, etc?) 
D Yes D No 
Parent Education Level (check two): 
D 0 No high school 
c 0 Some high school 
D 0 General Equivalency Degree 
D 0 High school diploma 
D 0 Some college/technical school 
(D = Father; o = Mother) 
D 0 Two-year degree 
D 0 Four-year degree 
D 0 Some graduate school 
D 0 Graduate degree 
D 0 Unknown 
D No 
Please indicate if you have ever been diagnosed with any of the following conditions (check as 
many as apply) : 
D Schizophrenia 
D Learning Disability 
D Autism 
D Electroconvulsive treatment 
D Epilepsy 
D Brain surgery 
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0 Multiple Sclerosis 0 Encephalitis 
0 Parkinson's Disease 0 Meningitis 
0 Huntington's Chorea 0 Bipolar Disorder 
0 Dementia 0 Mental Retardation 
0 Cerebral Palsy 0 Color-blindness 
0 Uncorrected hearing loss 0 Uncorrected visual impairment 
0 Attention Deficit/Hyperactivity Disorder (ADHD) 
0 Brain injury (including or involving): 
0 Stroke 
0 Loss of consciousness for five minutes or longer 
0 Head injury resulting in hospitalization for more than 24 hours 
0 Other (please explain) : 
Are you currently being treated for alcohol and/or drug dependence? 0 Yes O No 
Do you have any upper body disabilities that would hinder you from pointing or tapping with a 
pen)? 0 Yes O No 
Address (Optional: if a summary of study findings is desired) 
75 
Appendix B 
Participant Consent Form 
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Because of your age, you are being invited to participate in a study that will compare how 
people perform on different memory tasks commonly used by psychologists. It is hoped that the 
results of this study will be useful by showing whether the results of this family of tasks agree 
with each other. 
If you choose to participate, you will first be asked to provide information about your 
parents' education levels, and your medical, and mental health histories. This information will 
be treated confidentially, and will be used to determine if you qualify to be included in the study. 
This should take only a few minutes and may be completed over the telephone. 
If you qualify and agree to participate in the study, we will set up an appointment to meet 
at George Fox University in Newberg or an alternate location if you are unable to travel to 
Newberg. During a single appointment, you will complete some memory tasks such as 
remembering a list of numbers, pointing to some blocks, or saying some words from sentences 
you will be read. None of these tasks can cause any physical harm, but you might get a little 
tired by the time we are finished. However, breaks are possible if desired. There will be no 
reading or writing necessary. You will only have to point to or describe what you have seen or 
heard. Your participation will take approximately 55 minutes. After completing all the tasks, 
you will receive a small thank you gift of fifteen dollars to show our appreciation. 
There is no passing or failing on any of the tasks. Your individual performance on these 
tasks will not be shared with anyone, but will be used as part of a group. However, your name 
will not be associated with your results because a number code will be assigned. 
Your participation is voluntary. Should you wish withdraw your participation at any time 
during the study, you are free to do so. Everyone who participates in this study will receive a 
summary of the findings once the study is completed. 
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AUTHORIZATION: I have read the above information and understand the nature ofthis 
memory study. I understand that by agreeing to participate in this study, the data gathered will 
be treated in a confidential manner and only group data will be utilized. I understand that I may 
contact the researchers, Ben Giesbrecht (503-989-535 1 ) and Dr. Wayne Adams (503-554-2761)  
at any point, and know they are affiliated with the Graduate Department of  Clinical Psychology 
at George Fox University. I understand that I may withdraw from the study at any time, however 
I will not receive the fifteen dollar incentive. I understand that I have received full disclosure of 
the requirements of this study, and will receive a copy of this signed consent form. 
Participant's Signature ____________ _ Date ______ , 2006 
Printed N arne 
Examiner' s  Signature Date ______ ,, 2006 
Printed N arne 
Appendix C 
Examiner Record Form 
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Arithmetic 
Within 
# Time Response 
Limit? 
1. y N 
2. y N 
3. y N 
4. y N 
5. y N 
6. y N 
7. y N 
8. y N 
9. y N 
10. y N 
11.  y N 
12. y N 
13. y N 
14. y N 
15. y N 
16. y N 
17. y N 
18. y N 
19.  y N 
20. y N 
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(ten seconds or less = 2 points) 
(ten seconds or less = 2 points) 
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Digit Span - Forward 
la.  0 1 
lb. 0 1 
2a. 0 1 
- - -
2b. 0 1 
- - -
3a. 0 1 
- - - -
3b. 0 1 
- - - -
4a. 0 1 
- - -
4b. 0 1 
- - - - -
5a. 0 1 
- - - - - -
5b. 0 1 
- - - - - -
6a. 0 1 
- - - - - - -
6b. 0 1 
- - - - - - -
7a. 0 1 
- - - -
7b. 0 1 
- - - -
8a. 0 1 
- - - - - - - - -
8b. 0 1 Total Raw Score 
- - - - - - - - -
Digit Span - Backward 
la.  0 1 





3a. 0 1 
- - - -
3b. 0 1 
- - - -
4a. 0 1 
- - -
4b. 0 1 
- - - - -
5a. 0 1 
- - - - - -
5b. 0 1 
- - -
6a. 0 1 
- - - - - -
6b. 0 1 
- - - - - -
7a. 0 1 
- - - - - - - -
7b. 0 1 Total Raw Score 
- - - - - - - -
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Letter-Number Sequencing 
l a. 0 l 
lb .  0 l 
l c .  0 l 
2a. 0 l 
- - -




2c. 0 1 
- - -
3a. 0 1 
- - - -
3b. 0 1 
- - - -
3c. 0 1 
- - - -
4a. 0 1 
- - - - -
4b. 0 1 
- - - - -
4c. 0 1 
- - - - -
Sa. 0 1 
- - - - - -
5b. 0 1 
- - - - - -
5c. 0 1 
- - - - - -
6a. 0 l 
- - - - - - -
6b. 0 1 
- - - - - - -
6c. 0 1 
- - - - - - -
7a. 0 1 
- - - - - - - -
7b. 0 1 
- - - - - - - -
7c. 0 1 Total Raw Score 
- - - - - - - -
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WMS-III 
Spatial Span 
l a. 0 






- - - -
3b. 0 
4a. 0 
- - - - -
4b. 0 
- - - -
Sa. 0 
- - - - - -
Sb. 0 
- - - - - -
6a. 0 
- - - - - - -
6b. 0 
- - - - - - -
7a. 0 
- - - - - - - -
7b. 0 
- - - - - - - -
Sa. 0 
- - - - - - - - -
Sb. 0 Total Raw Score 
- - - - - - - - -
Spatial Span Backwards 
l a. 0 








- - - -
4a. 0 
- - - - -
4b. 0 
- - - - -
Sa. 0 
- - - - - -
Sb. 0 
- - - - - -
6a. 0 
- - - - - - -
6b. 0 
- - - - - - -
7a. 0 
- - - - - - - -
7b. 0 
Sa. 0 
- - - - - - - - -
Sb. 0 Total Raw Score 
- - - - - - - - -
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WRAML-2 
Verbal Working Memory 
Level B 
Correct Response (order Intrusion Points Correct Response (order Intrusion Points Bonus 
relevant) irrelevant) Point 
frog, dolphin y N 0 1 Rope y N 0 1 0 1 
turtle, calf y N 0 1 Ball y N 0 1 0 1 
snake, horse y N 0 1 Pencil, cloud y N 0 1 0 1 
butterfly, fox y N 0 1 Cup, phone y N 0 1 0 1 
bee, squirrel y N 0 1 Shoe, table, airplane y N 0 1 0 1 
crab, kangaroo, elephant y N 0 1 Nail, lake y N 0 1 0 1 
beetle, rabbit, cow y N 0 1 Glove, desk, wagon y N 0 1 0 1 
y N 0 1 Whistle, sandwich, sword y N 0 1 0 1 





Correct Response (order Intrusion Points Correct Response (order Intrusion Points Bonus 
relevant) relevant) Point 
Dog, cow y N 0 1 Foot, bike y N 0 1 0 1 
Mouse, zebra y N 0 1 Phone, tree y N 0 1 0 1 
Kitten, goat y N 0 1 Nose, scissors y N 0 1 0 1 
Bug, goose y N 0 1 Thumb, tie, door y N 0 1 0 1 
Snail, swan y N 0 1 Spoon, table, truck y N 0 1 0 1 
Grasshopper, puppy, shark y N 0 1 Window, house, ship y N 0 1 0 1 
Total 
-----



















1 a  
1 b  
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SB-5 
Nonverbal Working Memory 
Level 3 
Response Score 
1 .  0 1 
2 .  0 1 
3 .  0 1 
Yellow Row Red Row 
4. 0 1 
5 .  0 1 
6 .  0 1 
Level 4 
Response Score 
Yellow Row Red Row 
1 .  0 1 
2 .  0 1 
3 .  0 1 
4 .  0 1 
5 .  0 1 
6. 0 1 
Level S 
Response Score 
Yellow Row Red Row 
1 .  0 1 
2 .  0 1 
3 .  0 1 
4. 0 1 
5 .  0 1 
6 .  0 1 
Level 6 
Response Score 
Yellow Row Red Row 
1 .  0 1 
2 .  0 1 
3 .  0 1 
4. 0 1 
5 .  0 1 
6 .  0 1 
Last Word 
Level 4 
1 .  
2 .  
3 .  
Level S 
1 .  
2 .  
3.  
Level 6 
1 .  
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Score 
0 1 2 
0 1 2 
0 1 2 
Score 
0 1 2 
0 1 2 
0 1 2 
Score 
0 1 2 
0 1 2 
0 1 2 
Appendix D 
Curriculum Vita 
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Education 
2005 - Present 
2003 - 2005 
2000 - 2003 
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CURRICULUM VITA 
Benjamin L. Giesbrecht, M.A. 
5200 Summit Ridge Dr. 
Apartment 2222 
Reno, Nevada 89523 
(775) 857-7073 
E-mail: giesbrecht.ben@gmail.com 
Graduate Department ofClinical Psychology: APA Accredited 
George Fox University, Newberg, Oregon 
Student: Doctor of Psychology, Clinical Psychology 
Expected 2008 
Graduate Department of Clinical Psychology: AP A Accredited 
George Fox University, Newberg, Oregon 
Master of Arts, Clinical Psychology 
Grand Canyon University 
Phoenix, Arizona 
Bachelor of Science, Psychology 
Professional Training in Clinical Psychology 
09/07 - Present Clinical Psychology Internship 
Veterans Affairs Sierra Nevada Health Care System, Reno, Nevada 
AP A-accredited, clinical psychology internship providing psychological 
services to a diverse population of veterans in a comprehensive medical 
center. Current neuropsychological services administered involve 
comprehensive evaluations, including patient interview, testing, report 
writing, and subsequent feedback to patients and family, within the 
context of two four-month rotations. Neuropsychological services involve 
referrals from throughout the hospital, including neurology, primary care, 
and mental health services. A year long, off-site rotation ( 4 hours per 
week) with an ABPP certified neuropsychologist is also part of the 
training experience. 
Current rotations also include behavioral health consultation/liaison 
(which also entails brief neuropsychological screening), with referrals 
primarily coming from the Intensive Care Unit, Transitional Care Unit, 
and other inpatient medicaVsurgical wards of the hospital. Upcoming 
rotations will also include individual and group outpatient 
09/06 - 06/07 
08/05 - 05/06 
08/04 - 05/05 
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psychotherapeutic services and inpatient services to psychiatrically 
hospitalized veterans. All patient-related activity includes regular 
individual and group supervision. Most patient-related activity is 
conducted in a multidisciplinary setting often including staff representing 
medicine, social work, occupational therapy, and physical therapy. 
Current Supervisors: 
Valerie Williams, Ph.D. ,  Licensed Psychologist 
Sheila Young, Ph.D., Licensed Psychologist 
Preinternship/Practicum III 
Kaiser Permanente, Clackamas, Oregon. 
Practicum experience providing outpatient psychological services to a 
diverse population, primarily consisting of adults of varying age range in a 
medical clinic setting. Neuropsychological services consisted of 
comprehensive evaluations, including patient interview, testing, report 
writing, and subsequent feedback to patients and family. Referrals were 
predominantly obtained from neurology and primary care services and 
involved a wide variety of referral questions. Other services included 
conducting intake assessments/psychodiagnostic interviews and providing 
individual psychotherapeutic interventions. Ongoing consultation with 
primary care physicians, psychiatrists, and other medical staff, working as 
part of a multidisciplinary team, attending weekly meetings to discuss 
difficult cases and various trends in psychology, and weekly individual 
and group supervision was also required and encouraged. 
Supervisor: Thomas Smurthwaite, Ph.D.,  Licensed Psychologist 
Practicum II 
George Fox University Health and Counseling Center, Newberg, 
Oregon. 
Practicum experience providing psychological services to predominantly a 
young adult population in a university health and counseling center. 
Services included individual psychotherapy, couples psychotherapy, 
consultation with medical staff, intake interviews, diagnosis and treatment 
planning, and presentation to staff on various topics related to treatment. 
Included weekly individual supervision and group clinical training 
sessiOns. 
Supervisor: William Buhrow, Psy.D.,  Licensed Psychologist 
Practicum I 
Multnomah County Corrections Health, Portland, Oregon. 
Practicum experience providing psychological services to men and women 
in a secure county corrections facility and an inpatient drug and alcohol 
treatment facility. Direct services included individual psychotherapy, co­
facilitation of weekly group therapy, psychological evaluations involving 
personality and cognitive-intellectual measures, diagnosis, 
recommendations for treatment planning and placement, and consultation 
09/03 - 05/04 
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with medical and other staff Co-led weekly group psychotherapy 
focusing on stress, relaxation, general coping skills, cognitive distortions, 
and other related topics. Included weekly group and individual 
supervision. 
Supervisor: Stephen Huggins, Psy.D.,  NCCHP, Licensed Psychologist 
Prepracticum 
University Counseling Center, George Fox University, 
Newberg, Oregon. 
Practicum experience providing services to volunteer undergraduate 
college students and individual psychotherapy skills training with graduate 
students. Services include intake interviews, Mental Status Exams, 
diagnosis, treatment planning, and individual psychotherapy. Monitoring 
of progress was through videotape review and supervision. 
Supervisors: Clark D. Campbell, Ph.D. ,  ABPP, Director of Clinical 
Training, Licensed Psychologist, Erin K. Anderson-Fortier, M.A. , and 
Kristy R. Baker, M.A. 





27th Annual Conference of the National Academy of Neuropsychology 
Scottsdale, Arizona 
35th Annual International Neuropsychological Society Meeting 
Portland, Oregon 
Annual Northwest Assessment Conference: 
Using the Millon Scales in Clinical Practice 
George Fox University, Newberg Oregon 
Seth Grossman, Psy.D. 
Annual Northwest Assessment Conference: 
WISC-IV: An Overview and Discussion of Changes 
George Fox University, Newberg Oregon 
Jerome Sattler, Ph.D. 
Psychological Assessment in Determination of Disability in 
Adults and Children 
George Fox University, Newberg Oregon 
Robert Henry, Ph.D. 
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Research & Professional Presentations 
1 1/07 
1 1/07 




Poster Presentation: 27th Annual Conference of the National Academy 
of Neuropsychology 
Title: Can Standardized Immediate Memory Measures be used as Long­
Term Memory Measures in a Clinical Setting? 
George Fox University, Newberg, Oregon 
Authors: Jonathan Woodhouse, M.A., Aaron Russell, M.A., Ben 
Giesbrecht, M.A., & Wayne Adams, Ph.D.,  ABPP 
Grant-funded research. 
Poster Presentation: 27th Annual Conference of the National Academy 
of Neuropsychology 
Title: Use of Checklists in Developing and Defining Competency in 
Neuropsychological Test Administration 
Authors: Scott Koeneman, M.A., Ben Giesbrecht, M.A., Sarah Sherrard, 
Psy.D., & Wayne Adams, Ph.D., ABPP 
Dissertation in Progress, George Fox University, Newberg, Oregon 
Title: Evaluating Relationships among Clinical Measures of Working 
Memory. 
Dissertation Committee Chair: Wayne Adams, Ph.D., ABPP 
Committee Member: Christopher Koch, Ph.D. 
Committee Member: Gale Roid, Ph.D. 
Grant-funded empirical research. Preliminary defense completed 03/2006. 
Data collection completed 05/2007. Currently in final write-up phase. 
Research Assistant, George Fox University, Newberg, Oregon 
Title: Using Movie Character Cases to Teach Psychiatric Diagnosis: An 
Empirical Validation Study. 
Responsibilities included serving as an administrator of a test group in an 
empirically designed study assessing the efficacy of using movies to teach 
psychopathology. 
Author: Nathan Henry, M.A. 
Honors and Awards 
1 2/05 
200 1 - 2003 
Richter Scholar, George Fox University - Received a Richter Grant for 
dissertation research. 
Dean's List Scholarship, Grand Canyon University 
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University Involvement 
08/04 - 05/06 
03/06 
Peer Mentor - Clinical Psychology Peer Mentoring Program. Provided 
peer support and mentoring to incoming doctoral students at George Fox 
University. 
Assistant Interviewer - Graduate Department of Clinical Psychology. 
Assisted in the interview process for incoming candidates for the Psy.D. 
program of Clinical Psychology at George Fox University. 
Teaching Experience 
01/07 - 05/07 
01/06 - 05/06 
0 1 /07 - 05/07 
Senior Teacher Assistant, Neuropsychological Assessment (Total 
Hours: 1 1 9) 
Responsibilities included teaching standardized administration procedures 
and basic interpretation of commonly utilized neuropsychological tests. 
Helped facilitate a competency-based system requiring students to 
demonstrate appropriate ability to administer and score standardized 
instruments. Also responsible for supervising junior teacher assistant. 
Teacher Assistant, Personality Assessment (Total Hours: 105) 
Responsibilities involved supervising the scoring and interpretation of 
comprehensive psychological reports including data from the MMPI-2, 
MCMI-III, 1 6PF, PAl, and clinical interview. Also served as the Senior 
Assistant in 2007, requiring an additional supervisory role of a junior 
teacher assistant. 
Professional Affiliations 
1 1/07 - Present National Academy ofNeuropsychology, Student Member 
1 1/04 - Present American Psychological Association, Student Affiliate 
12/02 - Present Psi Chi Honor Society in Psychology 
Community Involvement 
03/07 Advocacy for Psychologists: Oregon Capital Mall, Salem, Oregon 
Participated in legislative advocacy for issues directly related to the 
practice of clinical psychology. 
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Advocacy for Psychologists: Oregon Capital Mall, Salem, Oregon 
Participated in legislative advocacy for issues directly related to the 
practice of clinical psychology. 
Personal meeting with Oregon State Representative Kevin Cameron 
Regarding: Prescriptive Authority 
Rural Provider Tax Credit 
Mental Health Parity 
